American Heart Journal 


An international publication for the study of the circulation 


GEORGE E. BURCH, M.D. 


Editor 
WILLIAM D. LOVE, M.D. 
JOHN H. PHILLIPS, M.D. 


Assistant editors 


1430 Tulane Avenue, New Orleans 12, Louisiana 
The C. V. Mosby Company, 3207 Washington Blud., St. Louis 3, Mo. 


International editorial board 


J. A. Abildskov, Syracuse 
Gunnar Biérck, Stockholm 
Douglas A. K. Black, Manchester 
S. Gilbert Blount, Jr., Denver 
Daniel A. Brody, Memphis 

H. C. Burger, Utrecht 

Ignacio Chavez, Mexico City 
William G. Cochran, Cambridge 
Pedro Cossio, Buenos Aires 

J. Hamilton Crawford, Brooklyn 
Arthur C. DeGraff, New York 
Lewis Dexter, Boston 

Kenneth W. Donald, Edinburgh 
Pierre W. Duchosal, Geneva 
Thomas M. Durant, Philadelphia 
Noble O. Fowler, Cincinnati 
Frank Gerbode, San Francisco 
J. Gibert-Queralt6, Barcelona 

A. David M. Greenfield, Belfast 
Franz Grosse-Brockhoff, Diisseldorf 
Anders T. Hansen, Copenhagen 
George R. Herrmann, Galveston 
Howard E. Heyer, Dallas 

Anton Jervell, Oslo 

Jean Lenégre, Paris 


VOLUME 61 


Samuel A. Levine, Boston 

Robert L. Levy, New York 

T. E. Lowe, Melbourne 

John McMichael, London 
Magojiro Maekawa, K yoto 

Donald Mainland, New York 
Thomas W. Mattingly, Washington 
Milton Mendlowitz, New York 
Arthur J. Merrill, Atlanta 

A. L. Myasnikov, Moscow 

Robert E. Olson, Pittsburgh 
Myron Prinzmetal, Los Angeles 
Vittorio Puddu, Rome 

Jairo Ramos, Sdo Paulo 

E. W. Reynolds, Jr., Ann Arbor 
Pierre Rijlant, Brussels 

George G. Rowe, Madison 

William R. Scarborough, Baltimore 
Ernst Simonson, Minneapolis 

H. A. Snellen, Leyden 

Demetrio Sodi-Pallares, Mexico City 
Alberto C. Taquini, Buenos Aires 
James V. Warren, Columbus 

Paul D. White, Boston 


JANUARY-JUNE, 1961 


849 


VOLUME 61 


COPYRIGHT © 1961 BY 
THE C. V. MOSBY COMPANY 


All rights reserved 


Printed in the United States of America 


850 


| 


American Heart Journal 


January, 1961, Volume 61, Number 1 


Editorial 


Negative (gas) contrast angiocardiography 


Thomas M. Durant, M.D. 
Philadelphia, Pa. 


\ ] enous angiocardiography using 

opaque contrast solutions (positive 
contrast) has been established as a valu- 
able adjunct in cardiac diagnosis ever since 
the original studies by Castellanos and co- 
workers.' Most of the recent advances in 
this technique have been improvements in 
the solutions used or in the roentgen re- 
cording, including biplane stereoscopic vis- 
ualization and high-speed cineradiography. 
A new technique developed recently, how- 
ever, makes use of a gas (negative contrast) 
medium, or a combination of gas and an 
opaque medium (double contrast angio- 
cardiography). This method, not designed 
by any means to replace older techniques, 
has been found, nevertheless, to have an 
important place in diagnosis, particularly 
in pericardial disease. Experimental work 
indicates, furthermore, that the sphere of 
clinical usefulness may be considerably ex- 
tended in the not too distant future. 

That a gas may be safely used as a con- 
trast medium within the circulation will 
come as a surprise to many physicians who 
are well aware of the potential dangers of 
air embolism. It is indeed true that air, 
oxygen, or nitrogen may produce serious 
circulatory arrest and death when admitted 
inadvertently to vascular channels.? Other 
gases, notably carbon dioxide and nitrous 
oxide, however, are well tolerated in large 
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amounts, without serious effects. The im- 
portant difference between the former and 
latter, as far as embolism is concerned, is 
one of solubility. Carbon dioxide, for ex- 
ample, is at least twenty times as soluble 
in serum at 38.0°C. as is air or oxygen. This 
high solubility is responsible for the very 
rapid disappearance of bubbles from the 
circulation after injection, and is no doubt 
responsible for the excellent no-fatality 
record of the Rubin test for tubal insuffla- 
tion in gynecologic examinations in which 
carbon dioxide is the gas routinely used. 
Teschendorf,? as early as 1951, had recog- 
nized the solubility factor and had recom- 
mended the use of either nitrous oxide or 
carbon dioxide for injections into the body 
cavity in order to avoid the danger of gas 
embolism. 

During 1953-1954, while investigating 
roentgenologically in animals the mecha- 
nisms involved in circulatory arrest associ- 
ated with intravenous injections of air, we 
were impressed by the excellent visualiza- 
tion of intracardiac structures provided by 
air.45 Realizing that if such visualization 
could be safely achieved, a valuable diag- 
nostic technique would become available, 
we studied, in dogs, the effects of injecting 
7.5 c.c. of carbon dioxide per kilogram of 
body weight (a) intravenously, (b) into the 
left heart, and (c) into the peripheral end of 
the ligated carotid artery.’ The consequent 
cardiovascular, respiratory, and chemical 
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changes were minimal and lasted only sec- 
onds with any of these injections. By means 
of cinefluorographic technique the cardiac 
chambers, papillary muscles, valves, and 
great vessels were well visualized, and 
movements of the valve leaflets could be 
seen readily. 

The first intravenous injections of carbon 
dioxide into human beings for the purpose 
of roentgen study were in anencephalic in- 
fants.® The dose was the same as that which 
had been used in animals (7.5 c.c. per kilo- 
gram). Brief respiratory disturbances were 
observed, as might be expected, but the 
injections were otherwise well tolerated. 
Excellent visualization of right heart struc- 
ture and of the tricuspid ring were obtained 
roentgenologically. Since these original in- 
jections into human beings, approximately 
80 adults have received doses of 50 to 100 
c.c. intravenously at Temple University 
Medical Center. By comparison of body 
weight, this dose is only approximately one 
fifth of that given to dogs in our experi- 
ments, or to the two infants, and yet it has 
served well the purpose for which it was in- 
tended. It has not been used as yet for the 
demonstration of diseased valves, but the 
normal pulmonary valve has been well 
shown with doses of 100 c.c. One patient 
who had pulmonary emphysema with re- 
spiratory insufficiency received 50 c.c. with- 
out untoward effects. 

The technique used routinely by Dr. 
Barbara Carter in our Roentgenology De- 
partment cunsists, first, in the establish- 
ment of a continuous intravenous drip via 
a three-way stopcock and a 20-gauge needle 
percutaneously in the left medial antecubi- 
tal vein. For the demonstration of peri- 
cardial disease the patient is placed in the 
left lateral position so that the gas bubble, 
during its brief sojourn within the heart 
(approximately 15 seconds), will be in a 
superior location, adjacent to the endo- 
cardial surface of the right atrium and ven- 
tricle. The right lateral recumbent position 
is selected if visualization of the pulmonary 
valve is desired. Pure carbon dioxide is then 
thoroughly flushed several times through a 
100-c.c. syringe, also via a three-way stop- 
cock. This flushing may not be essential 
since, without it, the amount of air con- 
tamination could not be more than mini- 
mal, but it was established as a routine pro- 
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cedure early in our studies and does keep 
the safety factor in mind. It is important 
to emphasize that pure carbon dioxide is 
not the anesthetic mixture which contains 
only 10 per cent of this gas and which would 
be very dangerous. When these procedures 
have been performed, 50 to 100 c.c. of the 
pure carbon dioxide gas are injected rapidly 
into the vein via the stopcock of the intra- 
venous apparatus. A roentgen exposure of 
the right heart border (factors: 85-100 kv., 
400 Ma., 1/60 second) is made immediately 
after the injection, and is followed as rap- 
idly as possible by a second exposure. The 
films are examined while wet, and the 
study is repeated if necessary. Cineflurorog- 
raphy may be used to follow continuously 
the movements of the right atrial wall, but 
this is not essential if not available, since 
much important information can be ob- 
tained without it. In patients who have a 
very much elevated venous pressure, 100 
c.c. of gas are usually required since smaller 
amounts are likely to be trapped in the su- 
perior cava until solution occurs. When the 
study has been completed, the patient is 
kept in the left lateral position for a period 
of 10 minutes, or is turned into this position 
if the right lateral position was used for 
visualization of the pulmonary valve. This 
is another precaution which is probably 
not essential, but has been maintained as 
a routine procedure in order to avoid possi- 
ble embolic effects. 

The right heart wall (right atrium, peri- 
cardium, and pleura) normally measures 
2 to 4 mm. in thickness and is convex later- 
ally. When a pericardial effusion is present, 
it appears as added soft-tissue density be- 
tween the bubble of carbon dioxide in the 
right atrium and the air-containing lung, 
thus increasing the thickness of the right 
heart border. In those patients who have 
a right-sided pleural effusion, the fluid 
within the pleura must be completely 
aspirated before the technique for peri- 
cardial visualization is used. It should be 
recognized that thickening of the medi- 
astinal pleura or a mediastinal collection 
of fluid could appear as a pericardial ab- 
normality, but such situations are infre- 
quent in occurrence. Occasionally, gas in 
the right ventricle may appear to be in the 
right atrium, especially in a rotated heart, 
thus simulating an effusion in the pericar- 
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dium. A soft-tissue density along the caudal 
portion of the right heart border, due to a 
pe-icardial pad of fat or to the inferior vena 
cava, must not be confused. When con- 
strictive pericardial disease involves the 
right wall of the heart, there will be 
straightening or angulation, and rigidity of 
the atrial border. Cineradiographic studies 
are particularly useful in the accurate eval- 
uation of such alterations. Since pericardial 
disease, both effusive and constrictive, is so 
often difficult to diagnose by clinical and 
routine roentgen methods,’ the additional 
information obtained by negative contrast 
study is often of vital importance. 

In our experience the advantages of gas 
over Opaque contrast angiocardiography 
are: (1) Pure carbon dioxide is safe; there 
is no danger of sensitivity, as with the vari- 
ous iodine-containing solutions now in use. 
(2) A venous cut-down is not necessary. 
(3) Carbon dioxide is not irritating to the 
vein. (4) No elaborate equipment is needed. 
(5) The gas is well tolerated and may be 
used in severely ill patients. (6) Repetition 
is possible without danger of excessive 
roentgen exposure. (7) There is no “stream- 
ing’ due to poor mixing, as may occur with 
opaque media. It might be worthy of em- 
phasis that the technique is one which may 
be used in small hospitals which do not 
have the usual angiocardiographic equip- 
ment. 

The advantages, on the other hand, of 
opaque over gas contrast angiocardiog- 
raphy are: (1) A more extensive evaluation 
of the morphology and physiology of under- 
lying heart disease is possible by the former 
technique. (2) Effusions loculated along the 
left heart border, anteriorly or posteriorly, 
cannot be detected with gas in the right 
atrium, but may be discerned with opaque 
contrast in other chambers. (3) Overlying 
structures which might be confused with 
thickening of the right atrial wall may be 
better delineated with opaque material. 

It is quite possible that, with further in- 
vestigation, the present disadvantages of 
gas contrast study may be overcome, and 
it is particularly likely that other advan- 
tages may be found. This is especially true 
of the demonstration of interatrial septal 
defects. Quite generally it is agreed that 
angiocardiography with opaque medium 
is largely unsuccessful in the diagnosis of 
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this congenital lesion. Gas contrast and 
double contrast techniques, on the other 
hand, have readily demonstrated a surgi- 
cally induced defect in dogs.*:® In these 
studies the carbon dioxide passed through 
the defect from right to left according to 
the principle of gas buoyancy. When the 
double contrast technique was used. by 
Martin and associates,’ with the animal in 
the prone position, the opaque medium was 
seen to pass through the heart chambers 
and pulmonary vessels in a normal fashion, 
whereas the gas dissociated from the dye- 
mixed blood and traversed the defect to the 
left atrium. The best results were obtained 
when the former medium was introduced 
slightly ahead of the carbon dioxide. A few 
attempts to demonstrate interatrial septal 
defects with gas in the human subject have 
failed in our clinic, but it is quite possible 
that relatively minor changes in technique, 
especially with respect to the position of 
the patient, will make possible an impor- 
tant advance in the diagnosis of this lesion. 

The demonstration of left heart lesions 
by carbon dioxide in human beings remains 
for the future. Our own hesitation in using 
such a study has been due to the fact that, 
in animals injected with large amounts of 
the gas (7.5 c.c. directly into the left ven- 
tricle), a residual bubble may remain in 
the cavity of the heart for some minutes, 
and this bubble has been found to contain 
nitrogen and oxygen. The mixture is due 
to the diffusion of these other gases into 
the bubble of carbon dioxide according to 
the laws of gas equilibrium. Theoretically, 
this could lead to serious coronary embo- 
lism, but there has been no evidence of 
this or of any serious effects in our animals. 
If we can assure ourselves of the safety of 
this procedure, it may be possible to 
demonstrate the movements of the aortic 
leaflets, as we have ‘been able to do 
cineradiographically in animal experiments. 
In the latter, we have heen enabled 
to visualize also the coronary arteries very 
briefly, and no electrocardiographic or other 
evidence of harmful effect has been demon- 
strated even under these circumstances. 
On the other hand, we have been unable to 
visualize successfully the abdominal aorta 
when injections were made into that vessel. 

Much remains to be done in the evalu- 
ation of this new technique, with or without 
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double contrast, in the visualization of 
various cardiac and vascular structures. 
Suffice it to say for the present, however, 
that a valuable method is now available 
for the diagnosis of many cases of peri- 
cardial disease in a safe and easy manner. 
We are gratified to note that other clinics 
in the United States and Germany’: have 
confirmed our results and are using the 


method. 
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communications 


Tolazoline hydrochloride (Priscoline) 
An effective pulmonary vasodilator 


Robert F. Grover, M.D., Ph.D.* 

John T. Reeves, M.D.** 

S. Gilbert Blount, Jr., M.D.*** 
Denver, Colo. 


Lie the reduction of an elevated pulmo- 
nary vascular resistance, tolazoline 
hydrochloride has been reported to be 
effective by Dresdale and associates,! Gard- 
iner,?, Braun and associates,’ and Wood; 
Yu® found it to be of limited value and 
Rudolph and associates*® concluded that 
tolazoline was not an effective drug in this 
respect. These divergent impressions are 
probably a consequence of differences in 
the pulmonary vascular condition of the 
patients being studied, as well as of vari- 
ations in the technique of administering 
tolazoline. It will be demonstrated in this 
report that when tolazoline is adminis- 
tered in an effective manner to carefully 
selected patients, a most impressive re- 
duction in pulmonary arterial pressure 
and pulmonary vascular resistance can be 
produced.’ The circulatory effects of tolazo- 
line in normal individuals when it is admin- 
istered by this same technique will also be 
considered. 


Materials and methods 


Eight children with isolated ventricular 
septal defects, 6 of whom were less than 30 


months of age, were selected to illustrate 
the pulmonary vasodilator properties of 
tolazoline. Selection was based on the pres- 
ence of a pulmonary vascular resistance 
which was at least twice normal, and the 
reduction of this resistance to normal after 
tolazoline. 

Tolazoline was administered in the same 
manner to 11 normal subjects who ranged 
in age from 6 to 45 years. Four had func- 
tional murmurs, 5 had minimal tubercu- 
losis, 1 had a cardiac neurosis, and 1 was 
an ambulatory inpatient with questionable 
epilepsy. Clinical and laboratory exami- 
nations, including cardiac catheterization, 
indicated that each of these subjects was 
suitable for this investigation. 

Catheterization of the right heart was 
performed under sedation with secobarbital 
in all cases, supplemented with meperidine 
in the young children. The brachial or fe- 
moral artery adjacent to the catheterized 
vein was intubated with a fine polyethylene 
tube in every patient. Pressures were ob- 
tained by means of Statham transducers 
energized with a Hathaway carrier ampli- 
fier system and were recorded photographi- 
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cally with a Hathaway oscillograph. Mean 
pressures were determined by planimetry. 
Samples of blood were analyzed for their 
oxygen content and capacity by the method 
of Van Slyke and Neill. Oxygen capacity of 
blood was determined on each sample of 
systemic arterial blood, i.e., for each de- 
termination of the cardiac output. Oxygen 
uptake was calculated by collecting ex- 
pired air, which was analyzed by the Scho- 
lander micromethod in duplicate. In small 
children, it was not feasible to collect ex- 
pired air. Hence, oxygen uptake was esti- 
mated by means of a large body of data col- 
lected during a study of the metabolism of 
normal infants and children.* By means of 
height and weight, body surface area was 
determined from the charts of Sendroy and 
Cecchini.’ A linear relationship was found 
between the mean values for oxygen uptake 
and body surface area: 172 c.c. per minute 
per square meter for girls, and 180 c.c. per 
minute per square meter for boys. It is of 
interest that Rudolph,® using independent 
data, arrived at a figure of 180 c.c. per 
minute per square meter. 

Blood flow was calculated by application 
of the classic Fick principle. When systemic 
arterial desaturation (below 90 per cent) 
was found in patients who had a ventricular 
septal defect, a right-to-left shunt was as- 
sumed to be present. To calculate pulmo- 
nary blood flow in those cases, a pulmonary 
venous saturation of 92 per cent* was used. 

Vascular resistance was calculated by 
dividing mean pressure by blood flow cor- 
rected for body size.!° This tends to remove 
the effect of body size on oxygen uptake, 
thereby giving similar normal resistance 
values for adults as well as for small chil- 
dren."! This is convenient, and is helpful 
when the oxygen uptake is close to the basal 
metabolic rate, but the basic validity of 
such a correction remains to be estab- 
lished.” 

A complete set of control data was ob- 
tained with the subjects at rest. Tolazoline 
hydrochloride, 1 mg. per kilogram diluted 
to about 5 c.c. for convenience, was then 
injected over 45 seconds through the car- 
diac catheter directly into the main pulmo- 
nary artery. Even though the duration of 
the injection can be prolonged to 2 min- 


*The rationale for this assumption will be presented in the 
discussion. 
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utes, any other major variation in time or 
dosage should probably be avoided. 
Promptly after the injection is completed, 
a cutaneous flush appears about the face 
and neck, and in blotchy areas over the 
rest of the body in some individuals. This 
is associated with a sense of warmth, and 
usually disappears after about 5 minutes. 
Later, there may be piloerection and a 
chilly sensation, and after 1 to 2 hours, 
nausea with vomiting are not uncommon. 

Systemic and pulmonary arterial pres- 
sures were recorded at minute intervals. 
After 10 minutes, allowing for stabilization 
of the circulation, cardiac output was again 
determined. In small children from whom 
expired air could not be collected, oxygen 
uptake was assumed to be unchanged* 
from that of the control state. When a ven- 
tricular septal defect was present, the 
catheter was promptly withdrawn to the 
right atrium, and a sample of blood was 
obtained there also. 


Results 


A. The hemodynamic effects of tolazoline 
in normal individuals. (See Table I.) The 
administration of a single moderate dose of 
tolazoline directly into the pulmonary 
artery in normal individuals had little ef- 
fect on the mean pulmonary and systemic 
arterial pressures; it produced an average 
decrease of only 2 and 4 mm. Hg, respec- 
tively (Fig. 1,4). A mild tachycardia was 
usually observed (Fig. 1,B). The absence 
of systemic hypotension and the increase 
in heart rate have also been reported by 
other 

Tolazoline did not alter the cardiac out- 
put in the majority of these normal sub- 
jects (Fig. 2,D). Although the oxygen up- 
take tended to increase in these particular 
individuals (Fig. 2,C), statistical analysis 
of data from 35 subjects indicated a wide 
variation (S.D. + 16 per cent), with no 
significant change (+8 per cent) in oxygen 
uptake after tolazoline. The change in the 
arteriovenous oxygen difference was also 
variable (Fig. 2,A). There was an increase 
in 4 individuals, a decrease in 4, and no 
change in 3. Since the pulmonary arterial 
saturation is related to the arteriovenous 
oxygen difference, the changes in this pa- 


*The rationale for this assumption will be presented in the 
discussion. 
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Fig. 1. Effects of tolazoline on vascular resistance in 11 normal subjects. Values for blood pressure, heart rate, 
and vascular resistance 10 minutes after injection of tolazoline are plotted against control values to indicate 


patterns of change. 


rameter after tolazoline were also variable 
(Fig. 2,B), but in no case was there a 
marked increase in saturation. This ab- 
sence of consistent changes in either the 
arteriovenous oxygen difference or the 
oxygen uptake accounts for the usual lack 
of change in the cardiac output after tolazo- 
line (Fig. 2,D). Horwitz,“ using the ballis- 
tocardiograph, came to the same conclu- 
sion. 

From these effects of tolazoline on pres- 


sure and flow, the resultant changes in 
systemic and pulmonary vascular resis- 
tances are illustrated in Fig. 1, C and D. 
There was an obvious reduction in resist- 
ance only in those cases in which an 
increase in cardiac output occurred. The 
effects of tolazoline on the pulmonary cir- 
culation of normal man have not been 
reported previously. 

B. The hemodynamic effects of tolazoline 
in patients who have an increased pulmonary 
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Fig. 2. Effects of tolazoline on cardiac output, as calculated by the Fick equation, in 11 normal subjects. Values 
10 minutes after injection of tolazoline are plotted against control values to indicate patterns of change. 


vascular resistance associated with ventricu- 
lar septal defect. Marked pulmonary hyper- 
tension was present in every one of these 
8 patients, with the pulmonary arterial 
pressure approaching systemic levels in 6 
(Table II). Tolazoline reduced the pulmo- 
nary arterial pressure impressively in each 
case. An average reduction in mean pres- 
sure of 28 mm. Hg (Fig. 3) occurred 
promptly and was maintained for at least 
20 minutes. This reduction in pulmonary 


arterial pressure was often in the presence 
of an increase, never a decrease, in pulmo- 
nary blood flow, due to an increase in 
shunting of blood from left to right through 
the ventricular septal defect. 

Concurrently, tolazoline lowered the sys- 
temic arterial pressure, but to a lesser de- 
gree: the average reduction in mean pres- 
sure was only 9 mm. Hg. By contrast, this 
reduction in systemic pressure was usually 
associated with a decrease in systemic 
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blood flow (Table II). Furthermore, a clear 
separation of pulmonary from systemic 
arterial pressure was often achieved (Fig. 
4), whereas the two pressures were origi- 
nally similar. Likewise, the ratio of pulmo- 
nary to systemic resistance, which was 
originally high, was reduced to normal 
after tolazoline (Table IJ). This illustrates 
the selective action of tolazoline on the 
pulmonary circulation in these patients. 

Pulmonary blood flow was considerably 
increased in 6 patients and modestly in- 
creased in the other 2 after tolazoline 
(Table II). These increases in flow ac- 
companied increases in pulmonary arterial 
saturation, resulting in a narrowing of the 
pulmonary arteriovenous oxygen differ- 
ences. 

When a decrease in pressure was com- 
bined with an increase in flow, a most im- 
pressive decrease in total pulmonary re- 
sistance was indicated (Fig. 5). In every 
case the total pulmonary resistance fell 
within the normal range after tolazoline, 
whereas the resistances were grossly ele- 
vated initially. It follows that the decrease 
in resistance was related to the initial level 
of resistance; the higher this resistance, the 
greater the decrease after tolazoline in 
these particular patients. Incidentally, 
this same principle applied to the normal 
subjects of this report. 


A. Pharmacology of tolazoline. In review- 
ing the subject of adrenergic blockade, 
Nickerson” presented the various mecha- 
nisms by which tolazoline could produce 
vasodilatation. Tolazoline will inhibit the 
pressor effects of epinephrine (adrenolytic 
action) as well as the vasoconstriction pro- 
duced by simulation of sympathetic nerves 
(sympatholytic action). In addition, how- 
ever, tolazoline will produce vasodilatation 
in the sympathectomized limb. Since this 
effect is not blocked by atropine, it is prob- 
ably not a cholinergic effect (even though 
tolazoline has other powerful parasympa- 
thomimetic actions). This, then, is a direct, 
nonadrenergic relaxant action upon vascu- 
lar smooth muscle, which is a very impor- 
tant factor in the vasodilatation produced 
in man. 

Tolazoline produces the greatest vaso- 
dilatation in regions in which vasocon- 
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Fig. 3. Reduction in pulmonary arterial pressures of 
8 patients with ventricular septal defects and 
pulmonary hypertension who were given tolazoline. 


striction is most marked." This effect can 
be largely confined to a single extremity 
by injecting tolazoline slowly into the ar- 
tery which supplies that extremity.’® By 
analogy, tolazoline should be most effective 
in relieving pulmonary vasoconstriction 
when injected directly into the pulmonary 
artery.!:? These considerations underlie the 
method of administering tolazoline used 
in this investigation. 

When tolazoline is injected intravenously 
in normal man, it does not produce gen- 
eralized systemic vasodilatation. Rather, 
it produces a selective cutaneous dilata- 
tion,!? with little effect upon the deeper 
resistance vessels of the systemic circula- 
tion. This accounts for the cutaneous flush 
and initial sense of warmth observed in 
most subjects. Subsequently, there tends 
to be a loss of body heat, and the increased 
metabolic rate (oxygen uptake) observed in 
some individuals is probably a compensa- 
tory mechanism which maintains body 
temperature. The reported decrease in 
blood sugar!*:!® may be related to the in- 
creased metabolic rate, or simply another 
manifestation of the adrenolytic action of 
tolazoline. 

Tolazoline increases the heart rate in 
man and in many other animals through a 
direct stimulating action on the heart, and 
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Fig. 4. Pressure tracings from Patient J. J., who had a ventricular septal defect and marked pulmonary hyper- 
tension. The single recording system was switched from the femoral artery to the pulmonary artery by turning 
a stopcock, at the point indicated by the arrow. The two pressures which were originally of similar magnitude 


are clearly separated after tolazoline. 


independent of the autonomic nervous sys- 
tem. Although this action does not increase 
the cardiac output in normal man receiving 
therapeutic doses of tolazoline (Fig. 2,D), 
larger doses in the isolated heart do increase 
cardiac output.”° 

Tolazoline rivals histamine as a powerful 
stimulant of the gastrointestinal tract, in- 
creasing salivary, gastric, and pancreatic 
secretions. This accounts for the delayed 
nausea and vomiting which may follow the 
administration of tolazoline. These are 
parasympathomimetic effects which can 
be blocked with atropine. 

B. Pulmonary circulatory effects of tolazo- 
line. Undisputable was the marked fall in 
pulmonary arterial pressure after the ad- 
ministration of tolazoline in the 8 patients 
of this report who had pulmonary hyper- 
tension and a ventricular septal defect 
(Fig. 3). The pulmonary arterial wedge 
pressure, when obtained, was normal and 
did not change (Table II). The normality 
of the wedge pressure in patients who have 
an uncomplicated ventricular septal defect 
has been well documented by Kjellberg.”! 
Hence, the observed decrease in pulmonary 
arterial pressure indicates a similar reduc- 
tion in the pressure gradient across the pul- 
monary vascular bed. 


An increase in pulmonary blood flow ac- 
companied the fall in pulmonary arterial 
pressure. This flow was calculated from 
the oxygen uptake and the pulmonary 
venous and pulmonary arterial oxygen 
saturations. In certain cases, only the pul- 
monary arterial oxygen content and satu- 
ration could be determined directly, and 
the other two factors had to be estimated 
on the basis of two assumptions: (1) the 
oxygen saturation of pulmonary venous 
blood was normal and remained constant; 
and (2) the oxygen uptake was not altered 
by tolazoline in those children in whom it 
could not be measured. Pulmonary venous 
blood was assumed to be 92 per cent satu- 
rated in those patients who had right-to- 
left shunts. This is a slightly lower figure 
than the normal arterial oxygen saturation 
of 94 per cent reported from this laboratory 
(elevation 5,300 feet).22 Because of the pos- 
sibility of hypoventilation in the sedated 
infants, or of venous admixture”*.*4 in 
these patients with an increased pulmonary 
blood flow, the value of 92 per cent was 
selected as a compromise. Calculations 
based on a higher saturation would give 
higher resistance values, but the difference 
would be consistent in a given individual. 
It is reasonable to assume that the pulmo- 
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nary venous saturation did not change 
after tolazoline, since there was no con- 
sistent change in the arterial saturation of 
the 11 normal subjects. 

Although there is a tendency for the oxy- 
gen uptake to increase after tolazoline 
(Fig. 2,C), this did not prove to be a sta- 
tistically significant increase when a larger 
body of data was examined. Hence, when 
oxygen uptake had to be estimated, it was 
assumed that the uptake remained un- 
changed after tolazoline. This is a conserva- 
tive assumption, since an actual increase 
in oxygen uptake would further lower the 
pulmonary vascular resistance after tolazo- 
line. 

The pulmonary arterial oxygen satura- 
tion increased in most cases and remained 
unchanged in the others after the adminis- 
tration of tolazoline. When pulmonary 
blood flow is calculated from estimates 
based on the foregoing assumptions, it 
follows that an increase in pulmonary 
arterial saturation due to tolazoline is in 
itself presumptive evidence of an increase 
in pulmonary blood flow. 

It has been established that the pressure 
gradient across the pulmonary vascular 
bed in these 8 patients was decreased after 
tolazoline in the face of a constant or in- 
creased pulmonary blood flow. Conse- 
quently, the calculated pulmonary vascu- 
lar resistance was greatly decreased in 
every patient. In all probability, this 
means an increase in the total cross-sec- 
tional area of the pulmonary vascular bed, 
i.e., vasodilatation. Since right atrial pres- 
sure did not change, intrathoracic pressure 
was also presumably constant. Further- 
more, the hemoglobin concentration was 
neither high nor variable in any of these 
patients, so that changes in the viscosity of 
the blood are unlikely. The decrease in pul- 
monary arterial pressure implies a decrease 
in the transmural pressure of the pulmo- 
nary arteries. If the degree of vascular tone 
remained constant, this would lead to a 
decrease in the caliber of the vessels. Since 
the converse, vasodilatation, apparently 
occurred, a marked decrease in pulmonary 
vascular tone after tolazoline is indicated. 

C. Interpretation of results. The 8 patients 
reported upon were carefully selected from 
a much larger series. Two criteria were used 
in this selection: first, the total pulmonary 
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Fig. 5. Reduction in elevated total pulmonary 
resistances of 8 patients with ventricular septal 
defects who were given tolazoline. The dashed line 
indicates the approximate upper limit of normal. 


resistance was initially high, being at least 
twice normal; and second, the resistance 
was reduced to normal after tolazoline 
i.e., there was a gross decrease in resistance 
of more than 50 per cent in every patient. 
Obviously, then, patients who exhibited 
the most noticeable response were de- 
liberately selected to establish beyond 
question that, under the proper circum- 
stances, tolazoline is a most effective pul- 
monary vasodilator. 

Tolazoline is just as effective in young 
children when the pulmonary vascular 
resistance is increased to a lesser degree 
than it was in the 8 patients reported upon 
here. In older children, tolazoline may not 
reduce an elevated resistance to normal, 
even though there is a distinct pulmonary 
vascular response. When a patient with 
congenital heart disease has had a very 
high pulmonary vascular resistance for 
years, his pulmonary vascular bed usually 
becomes refractory to tolazoline. 

We believe that a vasodilator such as 
tolazoline will be most effective in those 
patients in whom the pulmonary vascular 
resistance is increased primarily as a conse- 
quence of generalized constriction of hyper- 
trophied small muscular arteries. When 
this smooth muscle is relaxed, vasodilation 
can occur. This responsive situation is 
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found most frequently in the first years of 
life, as illustrated by the patients in this 
report. When pulmonary hypertension has 
been present for years, obliterative changes, 
such as intimal proliferation and fibrosis, 
thrombosis, and atherosclerosis, are found 
in. the smaller pulmonary arteries. When 
these lesions are widespread, accounting 
for a large portion of the increased pulmo- 
nary vascular resistance, a vasodilator 
could not be expected to lower the resist- 
ance appreciably. However, both the mag- 
nitude and the duration of the increased 
pulmonary vascular resistance are prob- 
ably important in determining the age at 
which a given patient will lose his respon- 
siveness to tolazoline. 

Tolazoline is potentially capable of re- 
ducing an elevated pulmonary vascular 
resistance whenever the increased resist- 
ance results from pulmonary vasocon- 
striction. Although this report has been 
confined to patients who had isolated ven- 
tricular septal defects, equally impressive 
results have also been obtained in patients 
who had other congenital cardiovascular 
defects. When the increase in pulmonary 
vascular resistance is associated with hy- 
poxia, either acutely or, e.g., in chronic 
pulmonary emphysema, tolazoline has also 
been found to lower the resistance. 


Summary 


Eight infants and young children who 
had ventricular septal defects and high 
pulmonary vascular resistances were care- 
fully selected to illustrate the pulmonary 
vasodilator effects of tolazoline. In each of 
these 8 patients, tolazoline produced a 
marked reduction in pulmonary hyperten- 
sion (average decrease, 28 mm. Hg) and 
an impressive decrease in pulmonary vas- 
cular resistance (over 50 per cent) to normal 
levels. The effects of tolazoline on the car- 
diovascular dynamics of 11 normal sub- 
jects were also examined and found to be 
minimal. ‘When tolazoline is delivered di- 
rectly into the pulmonary artery in a dose 
of 1 mg. per kilogram over 45 seconds, it 
is highly effective in relieving pulmonary 
vasoconstriction. 
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The management of resistant fluid-retention states 
with intravenous L-arginine monohydrochloride 
in combination with mercurial diuretics 
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i ie patients with resistant edema the 
production of hyperchloremic acidosis 
is an effective method for restoring re- 
sponsiveness to mercurial diuretics.' Cal- 
cium or ammonium chloride, and, more 
recently, L-lysine monohydrochloride, have 
been used successfully for this purpose.!-* 
The presence of nausea, vomiting, gastritis, 
acute peptic ulcer,‘ or an abnormal state of 
consciousness may make the oral use of 
these medications inadvisable or impossi- 
ble. In such instances a safe intravenous 
agent capable of producing adequate hyper- 
chloremic acidosis would be of value. 

The effects of the calcium ion preclude 
the intravenous administration of large 
amounts of calcium chloride. Intravenous 
ammonium chloride produces severe side 
effects,® particularly in patients with Laen- 
nec’s or cardiac cirrhosis.*-* Lysine mono- 
hydrochloride is not yet available for 
parenteral administration. On the basis 
of its role in the Krebs-Hanseleit urea 


cycle, L-arginine monohydrochloride has 
been administered intravenously in large 
doses to patients with liver disease,*-™ 
suggesting that this agent could be safely 
used in patients with resistant edema. 

It was therefore administered intra- 
venously to a group of patients with 
mercurial-resistant edema, thus producing 
hyperchloremic acidosis and restoring mer- 
curial responsiveness. 


Materials and methods 


Five hospitalized patients with edema 
which was accompanied or unaccompanied 
by ascites due to either chronic congestive 
heart failure or Laennec’s cirrhosis were 
selected for study. The diagnosis was 
clearly established by history, physical 
examination, and appropriate clinical and 
laboratory tests. Throughout the study 
the patients were treated with bed rest, 
2-Gm. salt diet, fluid restriction to 1,200 
to 1,500 c.c. per day, and digitalis when 
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indicated. During the control period, each 
patient received. mercurial diuretics and 
2 received a spirolactone, but all failed to 
respond with significant loss of weight. 
Distress attributed to marked retention 
of fluid made diuresis important or im- 
perative. The presence of nausea and 
vomiting, acute gastritis, or abnormal 
states of mentation precluded the use of 
oral agents capable of producing adequate 
hyperchloremic acidosis. 

A 500-c.c. intravenous infusion which 
contained 42.13 Gm. of L-arginine mono- 
hydrochloride* and provided 200 mEq. 
of chloride ion was administered daily 
over a period of 2 to 4 hours. When the 
desired effect had been produced (see 
below), daily intramuscular injections of 
meralluride (70 mg.), administered as 
Mercuhydrin (2 ml.), were begun, con- 
tinuing the daily administration of L- 
arginine monohydrochloride in the dosage 
described. Intake of fluids, including the 
500-c.c. infusion, was limited to 1,200 to 
1,500 c.c. a day. 

Daily body weight, 24-hour urine vol- 
ume, and electrolyte concentrations, as 
well as frequent determinations of plasma 
electrolytes and venous blood pH were 
obtained throughout the study. Sodium 
and potassium were determined with a 
Baird atomic flame photometer, using an 
internal lithium standard, and chloride 
was determined by the method of Schales 
and Schales as modified by Summerson. 
Carbon-dioxide combining power was meas- 
ured with a Thomas-Van Slyke mano- 
metric apparatus, and venous blood pH 
with a Cambridge research pH meter, 
using a temperature correction of 0.0147 
for each degree centigrade to correct to 
body temperature. Blood urea nitrogen 
was measured by the Summerson modi- 
fication of the Van Slyke and Cullen 
method. 


Results 


Table I presents measurements of plasma 
and urine electrolytes and body weight in 
each patient during: (1) the control period 
preceding the administration of L-arginine 
monohydrochloride; (2) production of hy- 
perchloremic acidosis with L-arginine mono- 


*Kindly supplied by Cutter Laboratories, Berkeley, Calif. 
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hydrochloride; and (3) during daily mer- 
curial injection with continued adminis- 
tration of L-arginine monohydrochloride. 

Control period. The lack of significant 
loss of weight during this period reflects 
the resistance of these patients to mer- 
curials and to the other diuretics employed. 
Concentrations of urinary sodium or chlo- 
ride greater than 10 mEq. per liter, ob- 
served in several of the patients during 
this period, represent an effect of the 
diuretics used; these diuretics, however, 
were clinically ineffective. The short con- 
trol period in Patient W. P. was dictated 
by the urgent need for diuresis. 

Production of hyperchloremic acidosis 
with L-arginine monohydrochloride. The 
daily parenteral administration of 42.13 
Gm. of L-arginine monohydrochloride alone 
(200 mEq. of chloride ion) for 1 to 3 days 
consistently produced a rise in the concen- 
tration of chloride in urine and plasma, 
as well as a fall in carbon-dioxide com- 
bining power and in venous pH, when 
the latter was determined. Loss of weight 
did not occur during this period. 

On the basis of previous experience in 
this laboratory, a significant increase in 
urinary chloride is one of the best indica- 
tions that response to mercurial agents 
may ensue.’ 

Mercurial administration after the pro- 
duction of hyperchloremic acidosis. Daily 
mercurial injections and the continued 
daily administration of L-arginine mono- 
hydrochloride after the production of 
hyperchloremic acidosis resulted in sig- 
nificant natriuresis, diuresis, and loss of 
weight in each patient. The average weight 
lost per patient was 17.0 pounds, or 3.3 
pounds per day during this period. 

Plasma chloride, carbon-dioxide com- 
bining power, and venous blood pH re- 
turned toward normal during the diuresis. 
The administration of potassium chloride 
in amounts determined by the measured 
24-hour excretion of potassium prevented 
the development of hypokalemia. 

In all but one patient was it possible 
to maintain the diuresis until adequate 
clinical response had been achieved. In 
Patient J. M. the diuresis gradually di- 
minished and it was necessary to dis- 
continue the mercurial agent. Subsequent 
production of hyperchloremic acidosis by 
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Diagnosis Cirrhosis of the liver Congestive heart failure 
Patient J. R. T. W. P PP. | EK. 
Control Period | | | 
Days | 10 15 1 | 4 | 3 
Weight change (Ib.) 421% = -% | +4% | my 
Urine sodium, in mEq. L. | 
(average) 3 13 | 15 3 | 12 
| 
| | } = 
Urine chloride, in mEq. ‘L. 
(average) 54 15 | 18 4 23 
Plasma chloride, in mEq. L. | | | 
(average) 97 | 98 | 88 107 | 95 
CO: combining power, in | 
mM. L. (average) 21.9 | 27.1 31.8 26.7 24.3 
Venous blood pH (average) | 7.34 | 7.44 7.46 — 7.44 
Arginine Alone 
Days 1 | 2 2 1 3 
Weight change (Ib.) 0 | 0 | 0 0 
Urine sodium, in mEq. L. | 
(average) 1 5 31 3 5 
Urine chloride, in mEq. L. 
(average) 134 | 66 48 21 | 18 
| 
Urine chloride* (mEq./L.) | 85 | 134 | 14 | 100 18 | 57 | 4 | 21 | 9 | 32 
Plasma chloride, in mEq./L. | | 
(average) 106 101 98 —_— 106 


*The two figures are the values obtained immediately prior to and after that period of treatment. 


the same method then restored mercurial 
responsiveness. 

Side effects. No side effects related to 
L-arginine monohydrochloride were en- 
countered. Hyperpnea due to acidosis 
did not occur. Despite evidence of hepatic 
insufficiency in most of the patients stud- 
ied, signs of hepatic encephalopathy did 
not develop in any instance during the 
study. Alterations in the hemogram or 
urinalysis attributable to the use of L- 
arginine monohydrochloride were not ob- 
served. Several of the patients developed 
a transient rise in blood urea nitrogen 
during treatment with L-arginine, but 
the blood urea nitrogen returned to pre- 
treatment levels at the conclusion of 
therapy. 


The monohydrochloride salt of L-argi- 
nine has a molecular weight of 210, and 
therefore contains 4.76 mEq. of the acid 
amino-acid radical and of chloride ion 
per gram. Amounts of this agent similar 
to those used in this study have been 
rapidly administered parenterally to a 
large number of patients for the purpose 
of evaluating its efficacy in the manage- 
ment of hepatic encephalopathy.’-" Its 
effectiveness in this condition is contro- 
versial, but untoward effects in patients 
with hepatic insufficiency or in normal 
subjects have not been observed. Paren- 
teral L-arginine monohydrochloride is, 
therefore, a particularly suitable agent 
for producing hyperchloremic acidosis in 
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Management of resistant fluid-retention states 


Tcble 1. L-arginine monohydrochloride—Cont’'d 


19 


Diagnosis 


Cirrhosis of the liver 


Congestive heart failure 


Patient 


R. T. 


P. P. | E.K. 


inine Alone—Cont’d 
Plasma chloride* (mEq./L.) 


Ar 


116 


combining power* 
(mM./L.) 


17.6 24.8 14.0 


Venous blood pH* 


| 88 98 —| 
| 
| 


7.44 | 7.25 


Arginine With Mercuhydrin 
Days 7 


Weight change (Ib.) 


—17 —22 


Urine sodium, in mEq./L. 


(average) 33 


55 


67 


Urine chloride, in mEq./L. 


(average) 128 


145 


107 


Urine chloride* (mEq./L.) | 


134 | 94 100 | 131 


32 | 103 


Plasma chloride, in mEq./L. | 
(average) 


105 


106 


Plasma chloride* (mEq./L.) 107 


99 


CO: combining power* 
(mM./L.) 


19. 


8 


14.0 20.2 


Venous blood pH* 7. 


28 


| 
| 


24.6 
7.48 


7.34 | 7.25 | 7.40 


*The two figures are the values obtained immediately prior to and after that period of treatment. 


patients with retention of fluid secondary 
to hepatic cirrhosis, or to congestive heart 
failure with its concomitant hepatic in- 
sufficiency.!?-"4 

The production of a _ hyperchloremic 
acidosis to induce mercurial responsive- 
ness should be limited to those patients 
who do not respond to salt restriction, 
bed rest, digitalis when indicated, oral 
diuretics, and initial mercurial therapy. 
When indicated, oral agents may be suc- 
cessfully used to produce this metabolic 
state in most instances. The use of par- 
enteral L-arginine monohydrochloride for 
this purpose should be restricted to pa- 
tients who cannot take oral medications, 
or in whom there is a specific contraindi- 
cation to the use of the available oral 


medications. Therapy with this agent 
must be attended by careful clinical ob- 
servation and laboratory control to avoid 
symptomatic metabolic acidosis, and should 
be carried out only in hospitalized patients. 


Summary 


The daily intravenous administration 
of a large dose of L-arginine monohydro- 
chloride is a safe and effective method of 
producing hyperchloremic acidosis and 
restoring responsiveness to mercurial di- 
uretics in patients with refractory retention 
of fluid due to hepatic cirrhosis or con- 
gestive heart failure. Results obtained 
with 5 patients thus treated, and the ad- 
vantages of this agent in certain clinical 
situations, are discussed. 


| = 
| 
= | | | 
| i £| | 
21.2 | 18.0 | 26.2 | 19.8 
| 7.36! 7.30] 7.46 | 7.28) 7401 7.32[— —— | 
| 
73 | 74 
ee | = | 85 | 124 | = 
| | | 
100 | 105 
732| 733|-| 
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Cardiac output 


in systemic arteriovenous fistulas 
complicated by heart failure 


Otto M. Spurny, M.D.* 
John A. Pierce, M.D.** 
Little Rock, Ark. 


pgm: heart failure is recognized as 
a complication of systemic arterio- 
venous fistulas, although it is not seen com- 
monly in clinical practice. The develop- 
ment of this complication is related to the 
size and duration of the fistula. Although 
many patients with simple systemic arteri- 
ovenous fistulas have been studied, sur- 
prisingly few measurements of the cardiac 
output have been reported in these patients 
during heart failure. The purpose of this re- 
port is to present the cases of 3 patients 
with traumatic arteriovenous fistulas in 
whom the cardiac output was measured 
during a period of cardiac decompensation. 
Certain hemodynamic considerations are 
discussed. 


Case reports 


Case 1. A 52-year-old retired railroad worker 
(#14-37-22) was admitted on Nov. 8, 1957, com- 
plaining of shortness of breath which had persisted 
for 3 weeks. He had noted the gradual appearance 
of bilateral pedal edema and had gained 25 pounds 
in weight. Prior to admission he developed both 
dyspnea at rest and orthopnea. The patient de- 
scribed a gunshot wound in the left thigh from a 
.25 caliber pistol in 1924. In 1936, he developed a 
weeping dermatitis on the lower part of his left 
leg, and chronic edema appeared in this region. 
He was hospitalized on three occasions for treatment 
of varicose veins and was retired from railroad 
service in 1954, because of this disability. Since 
then he has been able to do only part-time labor. 


On physical examination, the blood pressure was 
120/80 mm. Hg, the pulse rate was 88 per minute, 
and the veins in the neck were distended. There were 
scattered rales over both lung bases. The heart 
was enlarged, but no significant murmurs were heard. 
The liver was palpable 8 cm. below the right costal 
margin. A pulsatile mass, which measured approxi- 
mately 8 by 8 cm., was present in the left lower 
quadrant of the abdomen. In the lower third of the 
left thigh a thrill was felt and a continuous murmur 
was heard. There was moderate pitting edema of 
both legs, more marked on the left. The skin over 
the lower part of the left leg was thickened and 
indurated. 

Antecubital venous pressure was 260 mm. of 
saline, and the circulation time (arm to tongue, 
Decholin) was 18 seconds. A roentgenogram of the 
chest showed marked cardiomegaly and an effusion 
in the right pleural cavity. An electrocardiogram 
revealed a normal sinus rhythm and left axis devia- 
tion. In Lead V; the onset of the intrinsicoid deflec- 
tion was 0.05 second after the onset of ventricular 
depolarization. The T waves were deeply inverted 
in Leads I, aVz, and V2 through Vs. In Lead Vs 
the negative T wave was 0.9 mv. in amplitude. 


The patient was treated with digitalis, mercurial 
diuretics, and a diet restricted to 250 mg. of sodium 
daily. He lost 10 pounds in the first 10 days of 
hospitalization. Table I presents the results ob- 
tained at cardiac catheterization on the sixth hos- 
pital day. On the twenty-first hospital day, repair 
was made of a fistula which measured 24 mm. in 
diameter at the point of arteriovenous communica- 
tion. Recovery from the operation was uneventful. 
The results of a second cardiac catheterization, 
performed 10 days after this operation, are also 
presented in Table I. Subsequently, an aneurysm 
of the left iliac artery was excised and an end-to-end 
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anastomosis was performed. The patient again 
recovered without incident. Six months later he was 
admitted because of intestinal obstruction. At this 
time no evidence of congestive heart failure was 
noted, and a roentgenogram of the chest did not 
reveal cardiomegaly. 

COMMENTs. This patient had an arteriovenous 
fistula for 33 years before congestive heart failure 
oceurred. At the time of operation the fistula was 
large and was associated with an aneurysm of the 
iliac artery. Signs of regional venous insufficiency 
appeared 12 years after the time of the original 
injury and led to his early retirement 3 years before 
operation. The significance of the electrocardio- 
graphic findings is difficult to assess, since the 
possibility of coronary atherosclerosis cannot be 
excluded completely. These changes were not 
diagnostic of myocardial infarction, however, and 
are ascribed to ischemia associated with congestive 
heart failure. The primary cause of his congestive 
failure was almost certainly the increased work 
incident to his increased cardiac output. The ex- 
tremely long period of time between injury and the 
appearance of heart failure has been described 
previously. 

Case 2. A 57-year-old man (#16-03-51) was 
admitted on Dec. 11, 1958, because of progressive 
exertional dyspnea and orthopnea which had been 
present for 1 month. Two years prior to admission 
his private physician had treated him for congestive 
heart failure with digitalis. The patient stated 
that he had been stabbed with a knife in the right 
infraclavicular region 35 years before. Approxi- 
mately 2 years after the time of injury he noted 
dilated veins in the area of the scar. At the same 
time he also became aware of a pulsating sensation 
in this region and felt that the circumference of his 
right arm became increased, as compared to the left. 

On physical examination, the patient appeared 
to be chronically ill. The blood pressure was 108/56 
mm. Hg in the right arm, and 112/50 mm. Hg in the 
left arm. The pulse rate was 88 per minute. The 
veins in his neck were distended. A large pulsating 
mass was noted below the right clavicle. A contin- 
uous thrill was present in this region, and the 
surrounding veins were noticeably dilated. The 
circumference of his right arm was 29 cm., whereas 
that of his left arm was 26 cm. at the same level. 
Scattered moist rales were heard over the lower 
part of the right lung field. The maximal cardiac 
impulse was in the left mid-axillary line in the sixth 
intercostal space. The cardiac rhythm was regular. 
A Grade 2 systolic murmur was heard over the 
base and was transmitted from the right infra- 
clavicular region. Digital compression below the 
right clavicle obliterated the thrill and resulted in a 
slowing of the heart rate from 68 to 26 beats per 
minute. The edge of the liver was palpable 6 cm. 
below the right costal margin. There was Grade 1 
pitting edema in the pretibial area. 

The vital capacity was 1.2 liters. The circulation 
time (arm to tongue, Decholin) in the left arm was 
40 seconds, and the antecubital venous pressure 
was 350 mm. of saline. Blood urea nitrogen was 23 
mg. per 100 ml. Roentgenograms of the chest 
revealed massive cardiomegaly and engorgement 
of the pulmonary vessels. An electrocardiogram 
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showed a normal sinus rhythm with occasional 
premature ventricular contractions from multiple 
foci. The onset of the intrinsicoid deflection was 
0.06 second after the onset of ventricular depolariza- 
tion in Lead Vs. The T waves were isoelectric in 
the limb leads and negative in Lead Vs. The data 
obtained at right heart catheterization on the 
eleventh hospital day are shown in Table I. 

Because it was believed that the patient was 
suffering from digitalis intoxication at the time of 
his admission to the hospital, digitalis was withheld. 
Potassium chloride was prescribed, and he also 
received injections of mercurial diuretics. During 
the first 7 days of hospitalization he lost 12 pounds 
in weight, but became lethargic. In spite of attempts 
to improve his status by increasing his intake of 
fluid, his blood urea nitrogen rose to 60 mg. per cent 
on the eleventh hospital day. The initial efforts 
to improve his general condition with medical 
management were unsuccessful. The decision was 
made to proceed with surgical intervention, since 
this seemed to offer the only hope for survival. 
However, because the blood pressure fell to 70/60 
mm. Hg on the morning on which the operation 
was scheduled, postponement was necessary. Ther- 
apy with norepinephrine and intravenous fluids 
was associated with a return to stable blood pressure 
at 122/70 mm. Hg. Although he responded slightly 
to questioning, he remained lethargic and expired 
the following day. Autopsy was not performed. 

COMMENTs. As in Case 1, this patient also had an 
extremely long period between the time of his original 
injury and the appearance of congestive heart 
failure (33 years). The finding of a cardiac output 
below normal is of importance in the presence of a 
large systemic arteriovenous fistula. In this in- 
stance, systemic blood flow was severely reduced, 
inasmuch as a large percentage of total flow was 
passing through the fistula. Unfortunately, the 
fistula was situated beneath the clavicle, where it 
could only be occluded by direct manual com- 
pression. In retrospect, operation at the earliest 
possible moment after his admission might have 
been advisable. In any event, the severely reduced 
systemic flow indicated an unusually high operative 
risk. 

Case 3. A 56-year-old attorney (#16-99-43) was 
admitted on Sept. 18, 1959, because of severe 
dyspnea. He had been shot accidentally in the right 
thigh while hunting 6 days before admission. The 
patient was anemic the day after injury, and was 
given 500 ml. of whole blood at another hospital. 
During the next few days he noticed dyspnea and 
experienced substernal discomfort. In spite of 
digitalis therapy his dyspnea became more severe 
and he was referred to this hospital for treatment. 

On physical examination, the blood pressure 
was 130/80/70 mm. Hg. The pulse rate was 104 
per minute. The left border of cardiac dullness was 
12 cm. from the mid-sternal line in the fifth left 
intercostal space. The cardiac rhythm was regular, 
and the second heart sound was louder at the aortic 
than at the pulmonic valvular area. No murmurs 
were present, but a protodiastolic gallop was heard 
at the cardiac apex. The abdomen protruded, and 
the edge of the liver extended 5 cm. below the right 
costal margin. There was a large hematoma over 
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Table 1. Cardiac output determinations* 


Cardiac output in systemic arteriovenous fistulas 23 


Case 1 Case 2 Case 3 
Preop. Postop. Preop. Preop. Postop. 
Right ventricular pressure (mm. Hg) 32/22t 30/2 19t 70/0 59/3 
Oxygen consumption (ml./min.) 293 217 174 296 215 
Arteriovenous oxygen difference (ml./L.) 31.1 49.1 45.1 23.7 32.3 
Cardiac output (L./min.) 9.42 4.42 3.88 12.49 6.65 
Cardiac index (L./min./M.?) 5.01 2.35 2.32 5.53 2.94 


*Pressure was measured with a Statham strain-gauge pressure transducer. Gas samples were analyzed with a Beckman Model C oxygen 
analyzer. Analyses of blood gas were performed in duplicate by the method of D. D. Van Slyke and J. M. Neill (J. Biol. Chem. 


61:523-573, 1924). 
tPulmonary artery. 


tRight atrial pressure. In this patient the catheter could not be introduced into the ventricle, so that samples of blood for analysis 


were obtained from the atrium. 


the upper right thigh anteriorly. A continuous bruit 
was felt, and a continuous murmur was heard in 
this region. Attempts to obliterate the bruit by 
pressure were unsuccessful. 

The antecubital venous pressure was 140 mm. 
of saline. Sustained pressure over the liver while 
the patient breathed quietly caused an increase 
to 260 mm. of saline. The circulation time was 18 
seconds (arm to tongue, Decholin). Hemoglobin 
was 8.6 Gm. per cent. Roentgenograms of the chest, 
made at the time of admission, revealed cardiac 
enlargement. The right pulmonary artery was 
noticeably dilated near its origin. The lung fields 
were clear. An electrocardiogram revealed sinus 
tachycardia and complete right bundle branch 
block. 

The patient was transfused with 3 units of packed 
red blood cells. He experienced some relief of dysp- 
nea. On the seventh hospital day a right heart 
catheterization was performed (see Table I). Opera- 
tion was postponed in order to permit resolution 
of the edema and hematoma around the site of the 
fistula. The patient was readmitted 8 weeks later 
for surgical repair of the fistula. During the interim 
he had lost 47 pounds in weight. At operation on 
Nov. 18, 1959, a fistula which measured 5 to 6 
mm. in diameter was found between the superficial 
femoral vein and a branch of the profunda femoris 
artery. The fistula was divided. The patient tol- 
erated this procedure well and recovered without 
incident. Five days later the right heart catheteriza- 
tion was repeated (see Table I). 

COMMENTS. The occurrence of congestive heart 
failure in this patient shortly after the establishment 
of his arteriovenous fistula was apparently due 
to several causes. The presence of anemia may have 
increased the demands for a sustained high cardiac 
output. The finding of a dilated right pulmonary 
artery, together with right bundle branch block 
on the electrocardiogram and right ventricular 
hypertension at cardiac catheterization, indicated 
an abnormality of the pulmonary circulation. This 
undoubtedly existed prior to the time of injury. 
It was not associated with respiratory insufficiency 
of any degree and, therefore, may have represented 
primary pulmonary vascular disease of some type. 
The patient adhered strictly to his low caloric diet 


during the period before operation, and it was felt 
that this accounted for the major part of his loss 
of weight. 


The low resistance to the flow of blood 
through an arteriovenous fistula is analo- 
gous to a “short circuit”’ in an electrical 
system. The pressure in the proximal artery 
is the same as systemic arterial pressure but 
falls sharply in the fistula and in the proxi- 
mal vein. The murmur and thrill result 
from turbulence in the region of the fistula. 
The maintenance of a high flow through the 
fistula becomes essential if the remainder of 
the circulatory system is to be perfused. 
This bizarre pattern of flow regularly af- 
fects the vessels in the region of the fistula. 
The proximal artery becomes enlarged and 
tortuous. True aneurysmal dilatation is not 
uncommon and occurred in the present 
Case 1. The veins in the region of the fistula 
exhibit thickened walls, with muscular hy- 
pertrophy and intimal sclerosis. Burton! 
has pointed out that tension in the vascular 
wall is directly proportional to the radius 
of the vessel. Inasmuch as the regional ar- 
tery is regularly enlarged, one wonders 
whether systemic arteriovenous fistulas, 
once established, do not gradually increase 
in size. 

Frank and co-workers? found that experi- 
mental fistulas with a flow of less than 20 
per cent of the control cardiac output did 
not ccmpromise systemic flow; that is, 
cardiac output increased sufficiently to 
compensate for the flow through the fistula. 
In the case of large fistulas the cardiac out- 
put did not increase sufficiently, and flow to 
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the systemic vessels was decreased. The in- 
creased cardiac output in patients with pe- 
ripheral arteriovenous fistulas has been well 
documented. A large number of patients 
have been studied by means of ballisto- 
cardiography,* dye dilution measurements,‘ 
and measurements by the direct Fick prin- 
ciple. The cardiac output correlates di- 
rectly with the size of the fistula: the larger 
the communication the greater the cardiac 
output. Temporary or permanent occlu- 
sion of the fistula causes an abrupt de- 
crease in the cardiac output. 

The alterations in hemodynamics second- 
ary to an open peripheral arteriovenous 
fistula can be summarized as adjustments 
to the low-resistance channel provided by 
the fistula. The characteristic increase in 
cardiac output constitutes a compensatory 
mechanism which attempts to maintain an 
adequate peripheral arterial pressure. 

Surprisingly few measurements of car- 
diac output have been reported during 
periods of congestive heart failure in pa- 
tients with peripheral ateriovenous fistulas. 
Muenster, Graettinger and Campbell® stud- 
ied the cardiac output in 6 patients with 
arteriovenous fistulas. Two of these pa- 
tients had severe congestive heart failure 
at the time of study. Cardiac output was 
greater than normal in both instances and 
decreased significantly with exercise. It was 
interesting that the effect which compres- 
sion of the fistulas had on cardiac output 
agreed closely with the results obtained 
after surgical repair in their series. The 
patients in the present study had unequiv- 
ocal signs of congestive heart failure, in- 
cluding cardiomegaly, hepatomegaly, pe- 
ripheral edema, and increased venous tone. 
The long time interval between the estab- 
lishment of an arteriovenous fistula and the 
appearance of congestive heart failure sug- 
gests that, in a majority of instances, the 
heart can adjust very well to the work load 
imposed by the increased cardiac output.® 
The present Case 2 is of interest because 
the patient’s cardiac output was apparently 
the lowest recorded in anyone with this 
disease. 

The question arises whether the late ap- 
pearance of congestive heart failure in some 
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of these patients is due to (a) an increased 
size of the fistula, (b) a decreased cardiac 
reserve, or (c) other conditions which affect 
myocardial function. Although proof is 
lacking, it seems reasonable to conclude 
that in certain patients each of these factors 
may be important. Whatever the natural 
course of the disease, the physician’s re- 
sponsibility is clear: to obtain prompt and 
adequate surgical treatment. 


Summary 


1. Three patients with arteriovenous 
fistulas in whom cardiac output was de- 
termined during a period of congestive 
heart failure were reported upon. The car- 
diac output was greater than normal dur- 
ing heart failure in two of the patients and 
less than normal in the other patient stud- 
ied 7 days prior to death. 

2. After the fistulas had been repaired, 
and the patients had recovered from con- 
gestive heart failure, the cardiac output 
was found to be decreased. Certain hemo- 
dynamic considerations were discussed. 


Dr. M. Hara, Professor of Surgery, performed the 
operations on the patients of Cases 1 and 3. The 
authors are grateful for his permission to publish 
these cases. 
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ecording of uncommon pulse contours 
from the right ventricle in different 
endocardial or myocardial diseases has 
been reported with increased frequency 
in recent years because of the widespread 
use of cardiac catheterization for hemo- 
dynamic studies in patients who are con- 
sidered not suitable for cardiac operations. 

In most cases the abnormalities observed 
in the right ventricular pulse contour are 
consistent with the so-called adiastolic 
syndrome, and are characterized by a 
protodiastolic dip and a telediastolic pla- 
teau. The right auricular pressure curve 
generally exhibits an M-shaped aspect, 
which may also be present in the left 
auricular pressure curve if the left sections 
of the heart are involved, too. 

The patterns show some analogies with 
the pulse contour recorded in constrictive 
pericarditis, although as has been pointed 
out recently, the hemodynamics present 
some distinctive features.® 

Also recently, Bayer and associates? 
obtained an auricular pressure tracing 
from the right ventricle and the pulmonary 
artery in a case of possible endocardial 
fibroelastosis, and such a tracing has been 
recorded occasionally in the inflow tract 
of the right ventricle, in the so-called 
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From the Cardiovascular Unit, Department of Internal Medicine, University of Padova Medical School, Padova, 


atrioventricular common chamber in Eb- 
stein’s disease.*"!! 

We had occasion to observe, recently, 
two proved cases of endocardial or myo- 
cardial fibrosis in which cardiac catheteri- 
zation showed an auricular tracing in the 
right ventricle and in the pulmonary 
artery. Whereas in the first patient the 
final diagnosis was of “primitive endo- 
cardial fibrosis,” in the second subject the 
fibrosis of the right ventricle was depen- 
dent on an extensive myocardial infarction 
which produced a complete involvement of 
the right ventricle. 


Case reports 


Case 1. L. A., a 26-year-old woman, entered our 
Department on Nov. 2, 1956, complaining of mild 
exertional dyspnea which had been present for 2 
years. She had had no complaints previous to these 
symptoms, and no cardiological examination had 
been made before the time of this admission. 

Physical examination revealed the patient to be 
in good condition: the blood pressure was 120 70 
mm. Hg, and the pulse rate was 90 per minute. 
There was a 2-plus jugular engorgement. The thorax 
appeared to be normal. The heart was clinically 
enlarged, and a mid-diastolic gallop rhythm was 
noted, but there were no murmurs. The liver was 
moderately enlarged, tender, and painless; the 
spleen was slightly enlarged. No other abnormalities 
were detected on clinical examination. 

Chest x-ray films showed a moderate enlargement 
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p 
Right Ventriele ¢ | | | Main 'ulmonery Artery» 


Fig. J. Case 1, Pressure curve from the right atrium, right ventricle, and main pulmonary artery in a case of 
fibroelastosis, showing a presystolic wave (a) in the right ventricle and main pulmonary artery. 


of the cardiac shadow, especially of the right atrium March, 1957, the patient entered a hospital outside 
and right ventricle. There was a slight dilatation of Italy. Cardiac catheterization was repeated, but 
of the pulmonary artery, but no signs of pulmonary pertinent data are not available; however, a diagno- 
congestion. sis of constrictive pericarditis was made, and the 
An electrocardiogram revealed a sinus rhythm, patient underwent a cardiac operation. During the 
no alterations in conduction, a vertical electrical thoracotomy, no signs of pericardial involvement 
position, and signs of right atrial and ventricular were observed. Because of the appearance of the 
hypertrophy. heart, possible myocardial disease was suspected 
The laboratory studies showed: blood urea nitro- and right auricular biopsy was performed. This 
gen, 0.20 Gm. per cent; fasting blood glucose, showed an endocardial fibroelastosis. The final 
1.05 Gm. per cent; Wassermann reaction, negative; diagnosis was ‘‘primitive endocardial fibrosis.’’ The 
sedimentation rate, Katz 15; erythrocyte count, recovery was uneventful and the patient was dis- 
4,200,000 and hemoglobin 12.5 Gm. per cent; charged 1 month later. The successive course of 
leukocyte count, 7,500, with 20 per cent lympho- the disease remained unchanged, and 3 years later 
cytes, 5 per cent monocytes, 75 per cent neutrophils; (February, 1960) the patient was in rather poor 
antistreptolysin-O titer, 166 units per cubic centi- condition. 
meter. The urinalysis was normal. Case 2. T. N., a 21-year-old man, had been symp- 
Cardiac catheterization (Table I), performed on tomless and active in his work as a bricklayer until 
November 12, demonstrated a severe hypertension Feb. 18, 1957, when he underwent an operation for 
in both venae cavae and in the right auricle. In the acute appendicitis. Five days later, on February 
right ventricle and pulmonary artery the systolic 23, the patient experienced a sudden aching pain 
pressure was only slightly elevated, whereas the right in the precordium and left shoulder, which radiated 
ventricular diastolic pressure was clearly elevated. to the left arm; he was without fever or dyspnea. 
Pulmonary wedged pressure was markedly increased. The blood pressure feil from 125/75 to 90/60 mm. 
The cardiac output was decreased; the pulmonary Hg. An electrocardiogram (Fig. 2), taken on the 
resistances were normal. Analysis of the pulse same day, showed a sinus rhythm, a normal P 
contour (Fig. 1) showed an ‘‘M”’ appearance in the wave, a tall R wave in Leads De, Ds, and aVr, 
right atrium. In the right ventricle, two tops were a deep S wave in Lead V2, and an elevated R 
observed: the first coincided with the presystolic wave in Lead V;; a monophasic current of injury 
wave of the right auricular tracing, and the second was present from Lead V; to Lead Vs. During the 
was related to the ventricular contraction and was following days, while the monophasic wave gradually 
followed by a protodiastolic dip with a late dias- disappeared, anterior ischemia and signs of dia- 
tolic plateau. In the main pulmonary artery the phragmatic necrosis (deep Q wave in Leads Ds, Ds, 
presystolic wave was again noted, whereas the and aVry, and marked diminution cf R voltage in 
pulse tracing recorded from the right and left the same leads) were noted (Fig. 3). 
pulmonary branches was normal. The pulmonary The diagnosis of postoperative myocardial in- 
wedged pressure tracing did not show abnormalities. farction was made, and the patient was treated with 
The possibility of either an anomaly of the bed rest, anticoagulants, and strophantin. His 
tricuspid valve or constrictive pericarditis was condition gradually improved, and the electro- 
considered to be consistent with the hemodynamic cardiographic evolution was typical, but at the 
data, but, because the patient refused further same time a progressively increasing tall P wave 


investigations, she was discharged on November 25. was observed in Leads Dz and D; and the precordial 


After she was discharged, the exertional dyspnea leads. After this event of myocardial infarction the 
increased and mild ankle edema was noted. In patient began to complain of exertional dyspnea 
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Fig. 2. Case 2. Electrocardiogram (3 hours after the appearance of precordial pain): 
monophasic current of injury from Lead V, to Lead Vs. 
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Fig. 3. Case 2. Electrocardiogram (3 days after the appearance of precordial pain): 
signs of diaphragmatic necrosis. 


and fatigue. Because of these disturbances the 
patient was admitted to our Department on Sept. 
6, 1957. 

At the time of admission, physical examination 
showed him to be a well-nourished man. The blood 
pressure was 125/90 mm. Hg, and the pulse rate 
was 100 per minute. The heart was clinically en- 
larged; the first heart sound was normal and not 
split, and the second pulmonary sound was rein- 
forced (Fig. 5). The liver was felt 2 fingerbreadths 
below the costal margin, was tender and painless. 
No other physical abnormalities were detected. The 
erythrocyte count was 5,080,000 and hemoglobin 
was 16 Gm. per cent; leukocyte count, 6,500, 
with 33 per cent lymphocytes, 2 per cent monocytes, 
and 65 per cent neutrophils. The urinalysis was 


negative. Blood urea nitrogen was 0.25 Gm. per cent; 
blood glucose was 0.84 Gm. per cent; sedimentation 
rate was normal; the Wassermann reaction was 
negative; the antistreptolysin-O titer was 166 
units per cubic centimeter. The other laboratory 
findings were normal. 

A chest film showed an enlarged heart; enlarge- 
ment was due mainly to dilatation of the right ven- 
tricle. The pulmonary arch was concave. The electro- 
cardiogram (Fig. 4) showed sinus rhythm, a tall 
P wave, and a P mean axis of about +60. The 
ORS axis was —100. There were deep Q waves 
in Leads De, Ds, and aVr, and an rS complex of 
small amplitude from Lead V; to Lead Vs. No 
definitive changes of the RS-T segment were present, 
but the T wave was flattened in Leads D; and aVi 
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Fig. 4. Case 2. Seven months after the appearance of a diaphragmatic necrosis, a right auricular hypertrophy 


is noted (tall P wave in Leads De, Ds, and aVr). 


and inverted, symmetrical, and negative in the 
precordial leads. 

Because the clinical and electrocardiographic 
data were considered to suggest a pulmonary 
impairment associated with the past diaphragmatic 
myocardial infarction, catheterization of the heart 
was planned. On November 30, the patient was 
catheterized, without complication, and the pertin- 
ent data are summarized in Table I. There was a 
mild rise of pressure in the right ventricle and 
pulmonary artery, whereas the right auricular 
pressure was markedly enhanced and the pulmonary 


Tric. Log. 


Tric.Stet.- 


Jugular Prac, 


Mid-Prec, Stet. 


Fig. 5. Case 2. Phonocardiogram in the mid-pre- 
cordium, showing a loud atrial sound (Sq) and a 
first sound (5S;), single, not duplicated. In the tri- 
cuspid area the first sound is also single and of low 
frequency and intensity. In the jugular tracing a 
giant a wave is noted. 


wedged pressure was normal. In the right atrium a 
giant ‘‘a” wave was present and was transmitted 
to the right ventricle and main pulmonary artery, 
but not to the right and left branches; in the right 
ventricle the normal systolic wave was scarcely 
visible, and in the pulmonary artery the dicrotic 
notch was not observed (Fig. 6). 

The intracavitary electrocardiogram (Fig. 7) 
showed: (a) in the main pulmonary artery a giant, 
negative P wave; (b) in the right ventricle a positive, 
tall P wave, and an rS complex of low amplitude, 
with a normal, negative T wave; (c) in the lower 
right atrium a giant, positive P wave, and in the 
mid-upper right atrium a giant, negative P wave. 
Therefore, the intracavitary electrocardiogram con- 
firmed the existence of right atrial hypertrophy. 

A possible diagnosis of “unknown” myocardial 
disease or cardiac tumor was considered to be 
consistent with the hemodynamic data, and the 
patient was discharged on Feb. 15, 1958. He was 
followed up in the outpatient unit of our Department, 
and for more than 15 months his general condition 
was unmodified. 

On June 26, 1959, the patient was readmitted, 
complaining of very severe exertional dyspnea, 
which had been present for 3 days. His general 
condition was not changed, but the cardiac shadow 
showed a further augmentation. The blood pressure 
was 100/75 mm. Hg, and the pulse rate was 110 
per minute. The electrocardiogram was unaltered, 
and laboratory tests were normal. 

In order to establish the possibility of an opera- 
tion by means of cardiac bypass, catheterization of 
the right heart was repeated (Fig. 8). In comparison 
with previous hemodynamic findings, the height of 
the “a” wave was diminished in the right auricle, 
right ventricle, and main pulmonary artery; the 
systolic wave had almost completely disappeared 
from the right ventricle and pulmonary artery, 
so that it was impossible to recognize the different 
cavities and vessels of the right heart from the pulse 
contour. Moreover, there was equalization of pres- 
sure in the right auricle and ventricle, and in the 
pulmonary artery. 

A diagnosis of intracardiac fibroelastosis was 
suggested, and the patient was discharged, being 
considered not suitable for open-heart operation. 
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Fig. 6. Case 2. Pressure curve from the right atrium, right ventricle, and main pulmo- 
nary artery in a case of infarction of the right ventricle. Note the presence of an elevated 
presystolic wave (a) in the right ventricle and main pulmonary artery. 


On September 27, he was admitted in an extremely 
severe condition, with very accentuated orthopnea, 
cyanosis, and somnolence. Despite all therapy the 
patient died the following day. 

Autopsy. Only the abnormalities pertinent to 
the heart will be reported in detail. There was an 
engorgement of liver, spleen, and kidneys: both 
lungs were ischemic; no other major abnormalities 
were noted. The heart weighed 300 grams. The 
right ventricle was extremely dilated, and its wall 
measured only 2 mm. across. The papillary muscles 
were thin, white in color, and almost completely 
transformed into fibrous tissue. The right auricle 
was distended and greatly hypertrophied. The left 
atrium and left ventricle were normal. The pulmo- 
nary artery was normal, but the aorta was hy- 
poplastic. Both coronary arteries arose from the 
aorta: the left coronary artery was normal, with- 
out signs of atheroma or sclerosis; the right coronary 
artery was greatly hypoplastic, but without ob- 
structions. 

The microscopic appearance confirmed the re- 
placement of the muscular tissue of the right ventri- 
cle with fibrotic tissue, in which the muscle cells 
and vessels were practically absent. In the left 
ventricle, no major microscopic abnormalities were 
detected, except some small sclerotic areas. 

The final pathologic diagnosis was: sclerosis of 
the right ventricle after a myocardial infarction 
without coronary obstruction. 


In spite of some features in common in 
the intracardiac pulse contour, these pa- 
tients have presented a different clinical 
course and different pathologic lesions. 


The first patient had apparently a rather 
mild form of endocardial disease which 
involved the right auricle and the right 
ventricle, but probably not the left heart. 
This was demonstrated by the biopsy of 
the right auricular appendage and by the 


Fig. 7. Case 2. Intracavitary ECG obtained from: 
1, main pulmonary artery; 2, outflow tract of the 
right ventricle; 3, mid-apex right ventricle; 4, right 
ventricle below tricuspid valve; 5, lower right 
atrium; 6, upper right atrium. 
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Right Atrium 


Fig &. Case 2. Pressure curve from the right atrium, right ventricle, and main 


pulmonary artery recorded 3 months prior to the death of the patient. Note 
the presence of a prominent presystolic wave (a) in the right ventricle and 


presence of a clearly visible ‘‘a’’ wave in 
the right ventricle and in the main pulmo- 
nary artery, while the pulmonary wedged 
pressure was normal and no transmission 
of auricular waves to the brachial artery 
was present. Three years after the second 
hemodynamic study and the surgical 
exploration of the heart, no definite changes 
had occurred, and the patient presented 
1 chronic disease with recurrent episodes 
of right heart failure, rather well controlled 
by digitalis and diuretics. 

In the second patient the disease began 
abruptly and ended 2% years later with 
death from complete heart failure. The 
electrocardiogram had shown a typical 
picture of diaphragmatic myocardial in- 
farction, in which it was possible to follow 
the normal electrocardiographic course: 
the recording of a current of injury, to- 
gether with the rapid diminution of ampli- 
tude of the R wave in Leads De, D;, and 
aVr, and successively the appearance of a 
deep Q wave in the same leads, with dis- 
appearance of the monophasic wave and 
appearance of posterior ischemia. Later, 
while the signs of myocardial infarction 
persisted until the end, a pulmonary P 
wave developed, suggesting a chronic 
disease of the pulmonary artery and possi- 
ble pulmonary hypertension. Actually, 
the first and second catheterization studies 
of the heart revealed the disappearance 
of an efféctive right ventricular contraction 
(the normal ventricular ejection wave had 
disappeared) and the maintenance of the 
pulmonary circulation by means of a 


main pulmonary artery, with equalization of pressure in all the cavities. 


strong auricular contraction (as evidenced 
by the recording of a giant ‘‘a’’ wave in 
the right ventricle and in the main pulmo- 
nary artery). The importance of right 
atrial contraction in supporting the pulmo- 
nary blood flow is also stressed by the 
coincidence of right heart failure with 
impairment of right auricular contractility. 
In effect, the second hemodynamic study, 
performed when the signs of right heart 
failure were present, revealed a decline 
of the presystolic wave, together with the 
reduction of cardiac output. 

The pathologic examination showed an 
extensive replacement of muscular tissue 
by fibrotic tissue in the right ventricle, 
whereas the right auricular muscle was 
greatly hypertrophied, and the left heart 
cavities did not show signs of impairment. 
No coronary occlusion was detected, but 
there was a marked hypoplasia of the 
right coronary artery; this finding, to- 
gether with the signs of myocardial in- 
farction, supports the possibility of an 
acute myocardial infarction not dependent 
on a coronary occlusion, but probably 
related to the fall of blood pressure due 
to the shock of operation. The acute post- 
operative hypotension in the presence of 
a congenitally underdeveloped right coro- 
nary artery may have precipitated an 
acute coronary insufficiency, due to func- 
tional vasospastic mechanism. The possi- 
bility of cardiac infarction in the absence 
of coronary obstruction, as a consequence 
of a sudden fall of blood pressure, is well 
known.*:* Since the original paper of 
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Friedberg and Horn,® myocardial infarc- 
tions in the absence of coronary occlusion 
have been found rarely (only 0.7 per cent 
in the gross anatomic material of Goder’®). 
This points out the importance of an 
isolated sudden fall of blood pressure as 
the cause of coronary insufficiency. 

Infarction of the right ventricle is ex- 
ceedingly rare.*:'* Moreover, it does not 
present distinctive electrocardiographic 
patterns,’’"® and is followed without ex- 
ception by death in the first few days, 
depending on the contemporary involve- 
ment of the left ventricle due to the lack 
of a particular distribution of coronary 
blood flow for each ventricle. To our 
knowledge, no cases of isolated right 
ventricular infarction in human _ beings 
have been reported; in the experimental 
field, however, the production of right 
ventricular massive infarction is not usually 
followed by death,” and some authors!” 
affirm that the right ventricle is not es- 
sential in the performance of cardiac 
function, at least for a few months. 

In our case the electrocardiographic 


signs of right ventricular infarction were 
evident and were dependent on the fact 
that the inferior and anterior surfaces of 
the heart were formed by the right ven- 
tricle; the replacement of muscular tissue 
by connective tissue was not followed by 


Table 1. Catheterization findings 
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immediate death, since the right auricle 
did maintain the pulmonary circulation. 
Possibly there was a congenital hypo- 
function of the right ventricle, so that 
the complete loss of its contractility was 
not so severe as would have been that of 
a well-functioning right ventricle. How- 
ever, the late appearance of signs of right 
atrial hypertrophy demonstrates that the 
right auricle had supplied the declining 
function of the right ventricle only after 
acute coronary insufficiency had developed. 

As previously mentioned, recording of 
auricular waves from the right ventricle 
has been observed by some authors. This 
has been noted occasionally in Ebstein’s 
disease in the so-called atrioventricular 
common chamber (so-called ‘‘ventriculari- 
zation”’ of right auricular pulse contour). 

More recently, Bayer and co-workers? 
noted a similar pattern in the right ven- 
tricular chamber and in the pulmonary 
artery in a case of supposed endocardial 
fibroelastosis. These German authors sug- 
gest the possibility that the right atrium 
participates actively in the dynamics of 
the heart as a “‘second ventricle,’’ and 
this would be demonstrated also by the 
equalization of pressure in all cavities. 

A giant ‘a’ wave in the right atrium 
as well as the equalization of the mean 
pressure can be recorded in cases of con- 


T.N., 30-year-old man 
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R.A, | 10.78 | 20 12.90 11 14 
RV. 10.76 : 12.95 
P.A. 10.81 | ; 18 | 13.07 11 15 
P.W.P. — | — 
B.A. | —_ 16.75 | — | 18.50 30 — 


O2 capacity 18.74 voi. % 20.24 vol. % 24.75 vol. % 
O» saturation 89 % 91% 88 % 
O2 consumption | 160 c.c./min. 190 c.c./min. 185 c.c. ‘min. 
Cardiac output 2.7 L/.min. 3.5 L./min. 2.6L. min. 
Cardiac index 1.6 L./min. ‘M.? 1.9 L./min./M2 1.4 L. min. /M.? 
770 dynes/sec./cm.-5 395 dynes/sec./cm.-5 480 dynes/sec. cm.-5 
266 dynes/sec./cm.-5 110 dynes/sec./cm.~-5 160 dynes sec.,‘cm.-5 
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strictive pericarditis or in other adiastolic 
states. However, in not one of the afore- 
mentioned disease states has a presystolic 
wave been observed outside the right 
auricle. 

In our cases, an auricularization of the 
right ventricular pulse was present, yet 
its significance is different in the two cases. 
In the first patient the presystolic wave 
was followed by a normal systolic wave 
which was also recorded in the pulmonary 
artery, thus demonstrating that the right 
ventricle had partially maintained its 
propelling force and contributed to the 
pulmonary circulation. In the second 
patient, the first catheterization showed 
a very tall presystolic wave in the right 
ventricle, and only some small deflections 
in coincidence with the ventricular con- 
traction. The pulmonary valves were 
opened only by the atrial contraction. 
When the patient was recatheterized, 
3 months prior to his death, the efficiency 
of the right ventricle was found to be 
further reduced, since the atrial systolic 
wave was diminished in amplitude, the 
systolic remnants of ventricular contrac- 
tion were no longer visible, and the cardiac 
output was greatly decreased. This clearly 
demonstrates that the right atrium alone 
maintained the pulmonary output. 

It is interesting to observe that the 
presystolic wave was more elevated in 
the right ventricle and in the main pulmo- 
nary artery than in the right atrium. This 
was due possibly to the loss of elastic 
properties of the right ventricle, so that 
the ventricular wall, which was inextensi- 
ble, behaved as a stiff pipe. The loss of the 
normal distensibility of the right ventricle 
produced, when the blood entered the 
cavity, a diminished recoil of the ventricu- 
lar wall, which was responsible for the 
augmented intraventricular pressure. The 
disappearance of the ‘‘a’’ wave in the left 
and right branches of the pulmonary 
artery can be explained on the basis of 
the maintenance of pulmonary recoil. 

Previous cases, as well as our patient, 
suggest the possibility that different patho- 
logic and clinical entities can occasionally 
give similar hemodynamic pictures. Right 
auricular waves from the right ventricular 
chamber and the main pulmonary artery 
can be recorded in instances of complete 
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right ventricular disability, which may 
or may not be compatible with life. The 
possibility of a prolonged survival depends 
mostly on the pumping capacity of the 
right auricle, and its failure has the sig- 
nificance of irreversible right heart failure. 


Summary 


Two cases are presented which show 
particular hemodynamic patterns, charac- 
terized by the recording of an auricular 
pressure curve from the right ventricle 
and the main pulmonary artery. 

Anatomic study proved the clear dis- 
tinction between the two subjects. In the 
first patient, the biopsy of the right auricu- 
lar appendage, performed during the car- 
diac operation, showed a diffuse endo- 
cardial fibroelastosis; in the second patient, 
at autopsy a massive fibrosis of the right 
ventricle, dependent upon an_ infarction 
of the right ventricle, was observed. 

Evidence is presented to support the 
view that the pulmonary blood flow was 
maintained by the contraction of the right 
atrium, which was greatly hypertrophied, 
whereas the right ventricle acted merely 
as a passive stiff chamber. 

The right heart insufficiency appeared 
when the right atrium failed to support 
the pulmonary circulation; the congestive 
failure coincided with the failure of the 
right atrium. 

From the study of these cases, the 
nonessentiality of the right ventricle in 
the pump mechanism of the heart previ- 
ously observed in the experimental field 
seems to be demonstrated also in human 
beings. 
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Correlation of clinical information 
in the standard 12-lead ECG and in 
a corrected orthogonal 3-lead ECG 


Hubert V. Pipberger, M.D. 
Stanley M. Bialek, M.D. 
Joseph K. Perloff, M.D. 
Harold W. Schnaper, M.D. 
Washington, D. C. 


he extent to which 3 orthogonal elec- 

trocardiographic leads record all elec- 
trical information which is available from 
the body surface has been debated since 
the advent of vectorcardiography. Can the 
standard 12-lead electrocardiogram be re- 
placed by 3 orthogonal leads without ap- 
preciable loss of clinical information? Prob- 
lems related to such reduction in number of 
leads have been amply discussed previ- 
ously.' Recent attempts to automate ECG 
analysis by use of electronic computers 
have emphasized the necessity of a reduc- 
tion of data and elimination of redundant 
information.?:* Reduction in the number of 
leads has become, therefore, a prime ob- 
jective of electrocardiographic research. 
Before such a step can be recommended, 
however, conclusive evidence is required 
that no information of clinical significance 
is sacrificed by the use of fewer leads. 

It has been suggested that recording 
preferentially from local portions of the 
heart by use of precordial leads may pro- 
vide information not supplied by an orthog- 
onal 3-lead system.*-? On the other hand, 
some proponents of orthogonal lead sys- 
tems believe that practically all electrical 


information available from the body sur- 
face could be attributed to a single, fixed, 
point-like dipole equivalent.*-!° This hy- 
pothesis has been questioned,!!-!® however, 
and no generally accepted concept on the 
physical characteristics of the heart as a 
generator of current exists at present. 

Recent studies by Scher and associates!” 
shed further light on the question of the 
minimum number of required leads. Using 
electronic computers, they investigated 
mathematically how many independent 
variables or ‘“‘factors’”’ (in linear combina- 
tion) can account for a variety of surface 
leads. The number of independent variables 
equals the number of leads required. This 
study indicated that 3 leads were sufficient 
to record all electrical information from 
the body surface of normal subjects. The 
authors pointed out that the assumption of 
a dipole equivalent is not a necessary con- 
dition for the reduction of leads to 3. 

Other approaches to the problem of de- 
termining whether 3 leads are adequate 
have consisted mainly in qualitative com- 
parisons between vector loops and standard 
ECG leads.'*!® Generally, good agreement 
between the two types of data has been 
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found, and the orthogonal leads were con- 
sidered to be sufficient for a complete de- 
scription of the body surface ECG. How- 
ever, the number of cases studied in this 
fashion has been relatively small. 

A detailed comparison of the clinical in- 
formation contained in the 12-lead ECG 
and 3 orthogonal scalar leads (Frank’s sys- 
tem?) has been reported recently by Abild- 
skov and associates”! in a series of 71 cases. 
A search for diagnostically significant pat- 
terns found in the standard leads was made 
in orthogonal 3-lead records. In almost 10 
per cent of the cases, such diagnostic fea- 
tures could not be recovered in the orthog- 
onal leads. Patterns of leads from 3 direc- 
tions were compared, however, with those 
from 12 directions. This discrepancy in the 
display of data obviously favors the stand- 
ard leads by a ratio of 1:4. Information may 
have been contained in the 3 orthogonal 
leads but was not displayed in the familiar 
patterns of the standard ECG which were 
used as the only criteria for the comparison. 

In order to circumvent such shortcom- 
ings, a more refined approach to the same 
problem was used in the present study. A 
first comparison was made between the 
standard 12-lead ECG and 3 corrected or- 
thogonal leads (Schmitt’s SVEC-III sys- 
tem”). Additionally, in order to obtain a 
display of data in the orthogonal ECG 
which is comparable to that in the standard 
ECG, a second correlation was made. The 
3 basic orthogonal components were re- 
solved” to obtain additional leads from di- 
rections generally assumed for the standard 
ECG. Resolved leads merely represent 
linear combinations of the 3 basic leads. 
Therefore, they cannot possess any new 
information not contained in the basic com- 
ponents. In this fashion, however, a di- 
rectly comparable display of data is ob- 
tained for both types of leads. The readings 
of the two sets of records were performed 
by independent interpreters in order to 
avoid any bias through knowledge of find- 
ings in a record to be compared. This blind 
feature of the study was an essential safe- 
guard because it is common experience that 
one may read information into an electro- 
cardiogram. 

Correlations of the content of clinical in- 
formation do not lead to a physical defi- 
nition of the heart as a generator of current 
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and are purely qualitative. The advantage 
of a clinical correlation, however, lies in its 
immediate applicability, without the need 
for theoretical notions on the heart as a 
generator of current. 


Materials and methods 


A random selection of 261 patients who 
showed abnormal features in their electro- 
cardiograms was used for the present study. 
The distribution of their ECG diagnoses is 
shown in Table I. In each of these cases a 
standard 12-lead electrocardiogram was 
taken together with a corrected orthogonal 
3-lead electrocardiogram (Schmitt’s SVEC- 
III system”), including resolved leads from 
directions comparable to those of the stand- 
ard leads. The design of the switching type 
of resolver used was described previously.”* 
An example for the method of arriving at 
resolved leads is shown in Fig. 1. The di- 
rections of the resolved leads are indicated 
in Fig. 2. They were designated according 
to their plane of projection. Resolved leads 
in the frontal plane which corresponded to 
the standard limb leads were called XY 
leads, in the horizontal plane, XZ leads, 
and in the sagittal plane, YZ leads. An 
angular scale with clockwise rotation from 
0 to 360° was used for each plane; 0° was 
always to the right of the observer (Fig. 2). 
Two leads in the horizontal plane (XZ 120 
and 150) and 4 leads in the sagittal plane 
(YZ 30, 60, 300, and 330) have no counter- 
part in the standard ECG. Except in two 
cases, indicated below, they were not used 
for the correlation. A 4-channel direct- 


Table 1. Distribution of electrocardiographic 
inter pretations* 


Left ventricular conduction defect 15 
Right ventricular conduction defect 19 
Intraventricular conduction defect, type un- 
determined 1 
Right ventricular hypertrophy 9 
Left ventricular hypertrophy 89 
Biventricular hypertrophy 8 
Myocardial infarction 
1. Anterior and anteroseptal 37 
2. Diaphragmatic and high posterior 42 
3. Lateral 15 
Nonspecific changes 50 
285 


*In 24 out of 261 cases, more than one ECG diagnosis was made. 
These have been included in this tabulation. 
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FROM 


PATIENT / 
y RECORDER 


Fig. 1. Method for resolution of orthogonal leads. 
Lead XY 60 of the frontal plane (comparable in 
direction to standard lead II) is shown as example. 
In the upper diagram this lead is projected on 
orthogonal leads X and Y. Lead resolution con- 
sists of a linear combination of these two leads in 
proportions equal to the size of the projections. 
The lower diagram shows the attenuation of leads 
X and Y to the proportions indicated by the pro- 
jections. The relatively smaller X value requires 
larger resistors for lead X but the larger Y value 
needs less attenuation. The proportions and re- 
quired resistors are calculated according to: XY = 
+ X cos a + Y sin a, where angle a@ indicates the 
direction of the desired lead.” 


writing electrocardiograph* was used for all 
tracings, using a paper speed of 50 mm. per 
second. The recording method for the 
SVEC-III lead system has been reported 
previously.”-** Standard lead I and orthog- 
onal lead X were used as time reference 
for the two sets of tracings, respectively. 
The standard and orthogonal tracings 
were marked with a code number and then 
given to two independent readers for an- 
alysis and interpretation. Special emphasis 
was placed on minor detail of the records, 
such as notching of QRS complexes, T and 
S-T changes. The abnormal features were 
listed by each reader, and, finally, an elec- 
trocardiographic interpretation was made. 
Discharge summaries with code numbers 
for each patient were also available to the 
interpreters. ECG findings listed in these 
summaries had been deleted. 
*Poly-Viso, Sanborn Company, Waltham, Mass. 
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The interpreter who read orthogonal 
records proceeded in the following fashion: 
At first he analyzed the 3 basic orthogonal 
leads only and listed his findings. Subse- 
quently, he read the complete set of re- 
solved leads in addition to the 3 basic leads. 
This was done in order to evaluate the in- 
fluence of an additional display of data 
derived from resolved leads. At the end of 
the study, tracings and readings of both 
standard and orthogonal leads were com- 
pared and listed. 

The interpretation of the records was 
based on a ‘‘pattern-type”’ of analysis com- 
monly used in clinical electrocardiography 
(Q-wave measurements, incidence of ab- 
normal QS or RSR’ configuration in certain 
leads, etc.). The correlation, therefore, was 
essentially based on a pattern comparison. 
Because of the large variability in direction 
of effective lead axes of conventional leads,! 
a lead-by-lead correlation between the two 
sets of compared tracings could not be ex- 
pected. The search for corresponding pat- 
terns, therefore, was always extended over 
a certain angular range of adjacent leads. 


Results 


1. Comparison of the 12-lead standard 
ECG with the 3-lead orthogonal ECG. In 242 
out of 261 patients the features which led 
to electrocardiographic diagnosis in the 
standard 12-lead ECG could be completely 
recovered from the 3 orthogonal leads. This 
represents 92.7 per cent of the total group. 

Several types of electrocardiographic ab- 
normalities recognized in the standard leads 
could not be found in 19 orthogonal 3-lead 
records. In 8 of these cases with lack of 
clinical information in orthogonal leads, 
small R waves with little or no R-wave pro- 
gression was found in right precordial leads 
(V, to V; or V4). This sequence could not 
be recognized in the sagittal lead Z. Such 
findings are frequently labeled as ‘‘com- 
patible with loss of anteroseptal electrical 
forces,’’ although they may also be found 
in patients with left ventricular hyper- 
throphy, left ventricular conduction de- 
fects, and occasionally in normal indivi- 
duals. Since this feature was not clearly 
recognized in the orthogonal leads, these 
8 cases were counted as deficient in clinical 
information. 

In 4 other cases an RSR’ pattern in 
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standard lead V;, without counterpart in 
the sagittal lead Z, was found. Abnormal 
Q waves in lead aVx (0.04 sec. duration and 
amplitude of 0.2 mv.) were found in 2 ad- 
ditional cases. The closest counterpart of 
this lead, the horizontal orthogonal lead 


FRONTAL 


Standard 12-lead and corrected orthogonal 3-lead ECG 37 


X, failed to show any Q-wave abnormality. 
A similar discrepancy was seen in 2 cases 
with QS waves in leads III and aVr, with- 
out such finding in the vertical lead Y. A 
further case showed a QS pattern in leads 
Vand V2, but the sagittal lead Z was of the 


Fig. 2. Resolved orthogonal leads in the frontal (XY), horizontal (XZ), and ri 
of leads in the frontal and horizontal planes was based on the approximate directions of conv 


The resolved leads in the sagittal plane and leads 


and were not used for the correlation. Broken vertica 
was taken as time reference lead. (From Pipberger and Wo 


tion, Inc.) 


ght sagittal (YZ) planes. The choice 
entional leads. 


XZ 120 and 150 have no counterpart in the 12-lead ECG 
1 lines indicate the peak of the R wave in lead X, which 


od,?* by permission of the American Heart Associa- 


nal 
on: 
nal 
re- 
ds. 
in- 
ata 
of 
th SAGITTAL 
300° 
vas 
m- 
hy 
urd 
42 
led 
he 
aly 
his 
Ip. 
ib- 152 
ids 150° 30° 
ad 
of 120° + 
ot | 
ch 
nd 
| 
vi- 
‘ly 
Se 
cal 
in 


38 Pipberger, Bialek, Perloff, and Schnaper 


Fig. 3. Standard leads V; to V3 are of the rS type 
and do not show any R-wave progression. A sudden 
transition from rS to RS is seen in Vy. The lack of 
R-wave progression is also seen in the XZ leads from 
105 to 30, with an analogous transition from rS to 
RS in XZ 15. The orthogonal lead Z of this record 
was found to be abnormal, with an R/S ratio of 
less than 0.10. The broken vertical lines in this and 
the following figures indicate the R-wave peaks 
in leads X and I which were taken as time reference 
leads for the two sets of tracings, respectively. 


rS type. Another patient’s record had QS 
waves in leads V; to V4. Neither the hori- 
zontal lead X nor the sagittal lead Z were 
found to be abnormal in configuration. A 
last case showed a so-called ‘isolated T- 
wave negativity’’’ in leads V; and V4, i.e., 
T waves to the right and left of these leads 
were found to be upright. The orthogonal 
ECG showed mainly negative T waves 
both in leads X and Z. The T-wave abnor- 
mality, therefore, was not recognized in the 
orthogonal leads. 

After the correlation of patterns the 
cases with deficiencies in clinical informa- 
tion in orthogonal leads were singled out 
for further analysis. The preliminary nor- 
mal standards developed in this laboratory 
for Schmitt’s SVEC-III lead system”.*6 
were applied to these cases, and deviations 
from normal ranges were noted. In 5 out 
of 8 cases with small R waves in leads V; 
and V2 and little or no R-wave progression 
up to leads V; or V, the R/S ratio of the 
sagittal lead Z was found to be abnormal 
(less than 0.10). Such an abnormal ratio 
was also found in the case with a QS pat- 
tern in leads V; and Vz. In 2 additional 
cases with QS waves in leads III and aVr 
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the determination of the R/S ratio of lead 
Y resulted in an abnormally low value (less 
than 0.93). Thus, the application of normal 
standards for orthogonal leads showed that 
8 cases out of 19 with discrepancies in find- 
ings were outside normal limits. Even when 
these cases were discounted, 11 records 
(4.2 per cent) remained where clinical in- 
formation contained in the standard ECG 
could not be recovered from the 3 orthog- 
onal leads. 

2. Comparison of the 12 standard leads 
with resolved orthogonal leads. The next step 
in the correlation consisted in a comparison 
of the 12 standard leads with resolved leads 
derived from directions approximately com- 
parable to those of the conventional ECG. 
In 18 out of 19 cases in which clinically sig- 
nificant detail could not be recovered from 
the 3 basic orthogonal leads the resolved 
leads revealed this information. Thus, a 
complete correlation was found in 99.6 per 
cent of the total group. 

In the 8 cases with small R waves and 
little or no R-wave progression in the right 
precordial leads the resolved leads showed 
an analogous sequence of small R waves in 
the XZ leads (Fig. 3). In all cases with an 
RSR’ pattern in lead V;, without counter- 
part in the sagittal lead Z, the resolved 
leads to the right of this lead showed an 
RSR’ pattern (Fig. 4). The 2 cases with 
significant Q waves in lead aV; showed the 
same pattern in the corresponding resolved 
lead XY 150. Similar relationships were 
found in the 2 cases with QS waves in 
leads III and aVry. In the case shown in 
Fig. 5 the R/S ratio of the vertical lead Y, 


Fig. 4. Standard lead V; is of the RSR’ type. This 
pattern, together with a QRS duration of 0.14 sec., 
led to the diagnosis of a right ventricular conduction 
defect. The characteristic RSR’ pattern is not shown 
in lead Z. It appears, however, in the resolved lead 
XZ 150. Note the angular discrepancy in effective 
electrical directions of leads Vi and V2. This has 
been a frequent finding especially in right pre- 
cordial leads. 
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Fig. 5. Standard leads III and aVr show no initial 
positivity and are essentially of the QS type (a 
small terminal R wave can be seen in aVr). This 
record was interpreted as compatible with an old 
diaphragmatic infarct. Orthogonal lead Y shows no 
Q wave, but its R/S ratio is abnormal (less than 
0.93). The resolved lead XY 120 resembles closely 
lead III, and a similar relationship exists between 
leads II and XY 60. Note the angular discrepancy 
between leads aVy and Y. The transition from a 
mainly positive to negative deflection lies approxi- 
mately in the axis of Y. The transition for the 
standard leads, however, is in between leads IT and 
aVr, ie., farther to the left. 


as mentioned before, was abnormally low. 
The resolved lead XY 120, corresponding 
to lead III, showed the same QS pattern. 
Both leads II and XY 60 had an RS con- 
figuration. It is noteworthy to point out 
in this case the discrepancy between lead 
aVr (QS) and lead Y (rS). The amplitudes 
in both leads were very low, and both were 
very close to the transition zone. The stand- 
ard leads revert from mainly positive de- 
flections to mainly negative ones between 
leads II and aVry. A similar transition is 
seen in the resolved leads, approximately 
at lead Y or very close to it. Such discrep- 
ancies in direction between standard leads 
and corrected orthogonal leads were found 
frequently and have been discussed previ- 
ously.!:* They are due to discrepancies be- 
tween effective electrical lead directions of 
standard leads and those of corrected leads. 

A similar situation was encountered in 
the case with QS waves in leads V; and V2. 
The same pattern appeared in the resolved 
leads XZ 120 and 150 but not in the sagit- 
tal lead Z, which showed only an abnormal 
R/S ratio. The case with QS waves from 
lead V; to lead V4 showed abnormally small 
R waves in leads XZ 105 to 45 and no in- 
itial R wave in lead XZ 30. Lead Z showed 
an abnormal R/S ratio in this case (Fig. 6). 

The only case out of the total of 261 in 
which there was an apparent discrepancy 
in the content of clinical information be- 
tween standard and resolved leads was the 
one mentioned previously as having an 
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isolated T-wave negativity in the precor- 
dial leads V; and V, (Fig. 7). T waves of 
lead Z were biphasic and negative in lead 
X. Since this is an abnormal finding, the 
T-wave abnormality by itself would not 
have been missed in the orthogonal ECG. 
The reproduction of this T-wave change, 
however, cannot be considered close enough 
for a good correlation. 

All S-T-segment shifts found in the 
standard leads were also recovered in the 
resolved leads (Fig. 8). 


Although good correlation between find- 
ings in the standard 12-lead ECG and re- 
solved leadsderived from acorrected orthog- 


Fig. 6. Standard leads V; and V2 show very small 
initial R waves, decreasing in amplitude toward the 
left. Leads Vs; and V4 are of the QS type. The 
diagnosis of an old anterior wall infarct was made. 
Orthogonal lead Z shows an rS pattern with an 
abnormal R/S ratio of less than 0.10. The resolved 
leads also lack an R-wave progression toward the 
left, and in lead XZ 30 the initial R is lost completely. 
Note the sudden transition from QS in V, to R in 
Vs. The direction of XZ 30 appears to be in be- 
tween the two. 
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Fig. 7, The T waves in Leads V3 and V, were negative, but mainly positive in the other precordial leads. This 
was interpreted as an “isolated T-wave negativity.’’ The orthogonal leads show negative T waves over the 
left precordium (X to XZ 45), becoming biphasic at XZ 60 and mainly positive at XZ 120. The transition zone 
from positive to negative T deflections is almost parallel to the horizontal XZ level because biphasic T waves 
are seen over a range of 45 degrees (XZ 60 to 105). Minor deviations in effective electrical direction of standard 
precordial leads from the XZ level can, therefore, lead to T-wave positivity or negativity. Lead YZ 30, for 
instance, shows such a discrepancy in the horizontal level. It resembles closely lead Ve, although it is 30 degrees 
lower than the XZ leads. This record was interpreted as showing an anteroseptal infarct. 


onal 3-lead ECG was found in 99.6 per 
cent of all records, one case in which there 
was a discrepancy stands out. The signifi- 
cance of the isolated T-wave negativity in 
leads V; an1 V, of this tracing appears de- 
batable, however. As shown in Fig. 7, the 
T waves were negative in orthogonal lead 
X and biphasic in lead Z. The resolution of 
orthogonal leads in the sagittal plane 
showed an upright T wave 30 degrees be- 
low lead Z (YZ 30). This lead resembles very 
closely standard lead V2, which displayed a 
similarly positive T wave. It has to be 
pointed out that resolved orthogonal leads 
and standard precordial leads are not neces- 
sarily located at the same horizontal level. 
Furthermore, leads V; and V, are recorded 
from an anatomically lower level than leads 
V; and V2. Discrepancies between direc- 
tions of anatomic and effective electrical 
lead axes of standard leads':**.*7.28 add to the 
complexity of a correlation lead by lead. 
Fig. 9 shows another typical example of 
discrepancies in the horizontal level of dif- 
ferent leads. In this case, good correlation 
was found between leads V2 and YZ 330, 
but in this instance, the latter was 30 de- 
grees higher than the horizontal XZ level. 
Furthermore, Langner and _ associates?® 
have demonstrated that transition zones 
on the wall of the thorax may follow very 
irregular patterns. In the case in which 
there is an isolated T-wave negativity, dis- 
crepancies in the horizontal level between 


leads V3; and V4, on the one hand, and the 
other precordial leads, on the other hand, 
could easily explain the localized T-wave 
abnormality. Isolated T-wave negativities, 
therefore, cannot necessarily serve as evi- 
dence for local electrical effects picked up 
by precordial electrodes from portions of 
the myocardium underlying the electrode. 
Further study appears necessary to eluci- 
date the relatively rare finding of isolated 
T-wave negativity in precordial leads. 

In the present study it was found that 
in 7.3 per cent of all cases, significant diag- 
nostic features of the standard 12-lead ECG 
could not be recovered in scalar orthogonal 
3-lead records. This result compares fairly 
well with the percentage of 9.8 reported by 
Abildskov and associates** in a similar 
study on a smaller series. In the present 
group the number of cases, however, fell 
to 4.2 per cent when preliminary standards 
of normalcy*.** for orthogonal leads were 
applied in the analysis. Such a percentage 
would appear to be still too high to recom- 
mend a replacement of the standard 12- 
lead ECG by 3 orthogonal leads in scalar 
display. 

When resolved leads derived from 3 basic 
orthogonal leads were included in the cor- 
relation, there was only one case with a 
questionable discrepancy in findings. Since 
resolved leads merely represent a different 
display of the 3 basic orthogonal leads, no 
new information not contained in the latter 
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could have been produced by resolution of 
the leads. This procedure consists only of 
linear combinations of the 3 basic orthog- 
onal components, i.e., a special type of 
transformation of data without derivation 
of new data from the patient. In this fash- 
ion the familiar ECG patterns of the 12- 
lead ECG can be reproduced, providing 
identical clinical information. The practi- 
cally complete correlation between stand- 
ard and resolved leads indicates, therefore, 
that discrepancies found in the first com- 
parison with 3 leads only were due to dif- 
ferences in the display of data rather than 
to deficiencies in the recording of electrical 
information. It is safe to assume that the 
display of data in the form of vector loops, 
which was not included in the present 
study, would have revealed all of the ab- 
normalities recovered from resolved leads. 
This is obvious because resolved leads can 
easily be derived from the conventional 3 
plane projections used in vectorcardi- 
ography (frontal, sagittal, and horizontal 
planes). 

The good agreement between clinical in- 
formation derived from the standard 12- 
lead ECG and the resolved orthogonal 3- 
lead ECG cannot necessarily be taken as 
supportive evidence for any hypothesis of 
a current-generator equivalent, such as the 
dipole theory. The conventional diagnostic 
criteria are too crude to be used for such 
arguments. If the orthogonal leads had 
suppressed electrical information from the 
body surface to any appreciable extent, 
one should have expected, however, con- 
siderable discrepancies in findings. A rela- 
tively simple generator equivalent such as 


Fig. 8. S-T shift in standard lead V2 and resolved 
lead XZ 75. Although minor discrepancies in S-T 
shifts between standard and orthogonal leads were 
seen occasionally, all S-T abnormalities were clearly 
recognized in both sets of tracings. 
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a dipole, shifting in location during the 
cardiac cycle," could explain the good 
correlation between standard and orthog- 
onal leads. 

From the present large series of patients 
with ECG abnormalities it can be con- 
cluded that the clinical information of the 
standard 12-lead ECG can only be re- 
covered from a corrected orthogonal 3-lead 
ECG by resolution of the 3 basic orthog- 
onal components and/or vector loop repre- 
sentation. This indicates that the clinical 
information is contained in the 3-lead ECG 
but cannot be recognized without transfor- 
mation of data. Replacement of the stand- 
ard 12-lead ECG by a resolved orthogonal 
3-lead ECG may not appear to be practical 
in routine clinical electrocardiography. It 
has become of major importance, however, 
in attempts to analyze electrocardiograms 
automatically by means of electronic com- 
puters.?* Reduction of data and elimination 
of redundant information has to precede 
computation proper, for technical reasons.*° 
Such a sequence is mandatory because of 
limitations in analog-to-digital conversion 
facilities and computer memory capacity. 
Although reduction of data of multichannel 
analog information such as the 12-lead 
electrocardiogram can be performed by 
electronic computers" prior to analysis of 
data, such a sequence is impractical and 
uneconomical on a large-scale basis. Once 
the reduced information is stored in the 
computer memory, however, transforma- 
tion of data, such as resolution of orthog- 
onal leads, can be performed merely by 
writing a proper set of instructions for the 
computer. 


Fig. 9. Similar to Fig. 7, this record illustrates 
discrepancies in the level of standard precordial 
and resolved XZ leads. Lead YZ 330 resembles 
very closely lead V2, although the former is located 
30 degrees above the XZ level. 
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Since it has been shown that corrected 
leads exceed conventional bipolar and uni- 
polar leads in constancy of effective lead 
direction and strength,' their greater con- 
sistency in performance may enhance the 
reliability of electrical data recorded from 
patients. Evidence of superiority in diag- 
nostic accuracy of the corrected orthogonal 
ECG cannot be derived from the present 
study, however, because the content of 
clinical information of the convent’onal 
12-lead ECG was used as the only criterion 
for comparison. 


Summary 


The clinical information contained in the 
standard 12-lead ECG was compared with 
that in the corrected orthogonal 3-lead 
ECG, in 261 randomly selected patients 
who showed ECG abnormalities. In a first 
correlation, all electrical information of clini- 
cal significance in the 12 standard leads 
could not be recovered from the 3 orthog- 
onal leads in 7.3 per cent of all cases. Ina 
second correlation, orthogonal leads were 
resolved in order to obtain additional leads 
from directions comparable to those of 
standard records. This procedure led to 
good agreement in all cases except one with 
a questionable discrepancy. Since lead reso- 
lution merely represents a different type of 
display of the data of orthogonal leads, re- 
solved records do not contain any new in- 
formation not contained in the 3 basic 
leads. The conclusion, therefore, was that 
the informational content of 3 corrected 
orthogonal leads is comparable to that of 
the standard 12-lead ECG. Transformation 
of data, such as orthogonal lead resolution 
and/or vector loop display, appears to be 
necessary, however, to recover without ap- 
preciable loss the clinical information con- 
tained in the standard 12-lead electrocardi- 
ogram. 

The authors gratefully acknowledge the technical 
assistance of Miss Marcheta Alion. 
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Relation of myocardial bridges and loops 
on the coronary arteries to coronary occlusions 


Premysl Poldéek, Doc., Cand. Sc., MUDr 


Hradec Krédlové, Czechoslovakia 


iy 1951, a study by Geiringer, entitled 
“The Mural Coronary,” appeared in 
the American Heart Journal.' Independ- 
ently, I began to occupy myself with the 
same subject. Although there is an exten- 
sive literature concerning the course of 
the coronary arteries, little is known about 
the relation of their course to the heart 
muscle. The big stems of the coronary 
arteries very often disappear under the 
superficial myocardial fibers for a shorter 
or longer course and then emerge on the 
surface of the heart again. 

Brief mention of this phenomenon has 
been made by Reyman,? Tandler,* 
Crainicianu,!~ and Djavakhishvili and 
Komakhidze.’ The only authors who oc- 
cupy themselves with the subject are the 
above-mentioned Geiringer,! who distin- 
guishes the “‘mural’’ and the “epicardial” 
courses of the artery, and Edwards, Burn- 
sides, Swarm and Lansing.” Recently, 
Porstmann and Iwig® diagnosed this intra- 
mural stretch of the coronary artery in a 
patient by means of serial coronariogram. 

Because these muscular fibers which 
lie upon the artery might have an influence 
on the passage of the blood through the 
artery, our first study was based upon the 
macroscopic appearance and occurrence 
of these muscular overbridgings.”:* Fur- 
ther study concerned their relationship 
to some physical marks,° and, finally, their 
microscopic relationship to the wall and 


structure of the artery.’°"! The present 
work is a summary of our up-to-date 
experience. 


Materials and methods 


The observations are based upon a 
detailed preparation of the coronary ar- 
teries of 70 hearts of persons who ranged 
in age from newborn to 80 years. In more 
than half of the cases the coronary arteries 
were filled with colored gelatin in order 
to make their course more distinct. 

A microscopic study of sections from 36 
hearts was undertaken; staining was done 
with hematoxylin-eosin, after van Gieson 
and with green trichrome, which proved 
to be the best for our purpose. 

In order to determine the thickness of 
the intima, the magnified sections were 
drawn on paper of constant thickness 
(0.28 uw), and by weighing the whole wall 
of the artery and then the intima, we 
ascertained what proportion the intima 
comprised of the whole wall of the artery. 
The other way to determine the thickness 
of the intima was the direct micromeasure- 
ment of minimum and maximum thickness 
of it in all sections. Both of these methods 
gave the same results as to the proportion 
of the thickness of the intima and the wall 
of the artery, i.e., they gave the picture 
of the degree of hyperplasia of the intima. 
The latter method allowed the study of the 
degree of inequality of this hyperplasia. 
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Macroscopic findings 


The muscular formations which over- 
bridge the arterial course exist in two 
forms, viz., muscular bridges and muscular 
loops. 

Bridges occur in the course of the coro- 
nary arteries over the ventricular myo- 
cardium. They can be seen after the 
removal of subepicardial fat tissue (Fig. 
1). The artery often dips under the super- 
ficial layer of ventricular myocardium, and 
after a shorter or longer courge.under the 
muscle it appears on the strfaée again. 
The length of such a musculaf bridge-may 
be 3 to 69 mm.; most often, however; it 
is 20 to 30 mm. In some cases the muscular 


fibers may lie very close on the adventitia . 


of the artery, whereas in other cases 
there is interstitial fat tissue between the 
bridge and the adventitia (Fig. 3). The 
thickness varies up to 5 mm. 

The muscular loops occur in the course 
of arteries in the atrioventricular groove 
(Fig. 2). They are formed by muscular 
fibers of the atrial myocardium, which 
vault from the wall of the atrium, embrace 
the artery up to three fourths of its wall 
circumference, and then return into the 
atrial myocardium (Fig. 4). In all cases 
they have a close relation to the adventitia 
of the artery, and their length is 2 to 30 
mm., most often 10 to 15 mm. They are 
thinner than the muscular bridges, and, 
therefore, their preparation is more dif- 
ficult. Their thickness is 100 to 300 u. 

In 70 hearts we found a total of 167 
muscular overbridgings, among them 108 
bridges and 59 loops. The greatest number 
of these formations in one heart was 6. 
In only 10 hearts were none of the muscular 
formations observed. These formations 
are bound to certain places, where they 
have a certain frequency of occurrence 
(Fig. 5). The most frequent place of oc- 
currence is the proximal half of the an- 
terior descending branch of the left coro- 
nary artery during its course in the inter- 
ventricular groove; the muscular bridge 
in this location appears in 60 per cent of all 
cases. In this locality, bridging may also 
be doubled, but rarely tripled. The other 
branches are overbridged less often: the 
oblique branch of the left coronary artery 
in 18.5 per cent, the marginal branch in 
14.2 per cent, and the terminal branches 
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of the left coronary artery on the dia- 
phragmatic heart surface in no more than 
7.1 per cent of the cases. 

The most frequent place of occurrence 
of the muscular loop is in the course of the 
circumflex branch of the left coronary 
artery in the atrioventricular groove, 
where the artery curves the obtuse margin. 
Here the occurrence is 40 per cent. 

The left coronary artery and its branches 
possess the muscular formations in 77.1 
per cent of the cases, whereas the right 
coronary artery is overbridged less fre- 
quently, i.e., in only 41.4 per cent. The 
difference becomes still more striking by 
a comparison of the whole number of the 
muscular formations found. Of 167 of 
them, there were 121 in the region of the 
left coronary artery (72.5 per cent) and 
46 in the region of the right coronary 
artery (27.5 per cent). 

The right coronary artery in the atrio- 
ventricular groove is embraced by muscu- 
lar fibers, too; however they are weaker 
and shorter. They occur less frequently on 
the curve of the artery over the acute 
margin (in only 8.5 per cent of the cases) ; 
occurrence is more frequent in the terminal 
part where the artery is crossed by the 
medial heart vein, after it has given off 
its posterior descending branch. There 
the loops are present in 27.1 per cent of 
the cases as the most frequent muscular 
formation in the region of the right coro- 
nary artery, and as the third most frequent 
location in the heart as a whole. Thus, 
loops overbridge the terminal branches of 
the right coronary artery which supplies 
the posterior part of the left ventricle. 

The muscular bridges of the branches 
of the right coronary artery are rarer and 
more variable in their form and location; 
they are found in 2.8 to 11.4 per cent of 
the cases. 


Microscopic findings 


A close relationship of muscular fibers 
to the adventitia of the artery can be 
observed very often in bridges, but always 
in loops. In some cases, even transition of 
the joints of muscular fibers into fibrous 
tissue of the adventitia can be observed, 
or the muscular fibers run directly into 
the adventitia in a certain stretch of the 
artery. 
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Fig. 7. Muscular bridge (a) on the anterior descending branch of the left coronary 


artery (0). 


Fig. 2. Muscular loop (a) on the right coronary artery (0). 


Muscular fibers of the described forma- 
tions run mostly in the same direction 
and usually cross the artery obliquely. 
In loops it was possible to observe, in 
some cases, two layers of muscular fibers 
(circular and longitudinal); in one case 
there were even three layers. 

In older persons the muscular loops 
could change: the muscular tissue was 
transformed into collagen tissue. In such 
a fibrous loop the muscular tissue is pre- 
served only in some places. 

Furthermore, we concerned ourselves 
with the influence of the muscular forma- 
tions (especially the most frequent forma- 
tion, i.e., the bridge on the anterior de- 
scending branch of the left coronary 
artery) on the media and the intima of 
the artery. 

The thickness of the media in 14 cases 
observed comprised 20 to 40 per cent of 
the whole wall of the artery before the 
bridge, 25 to 50 per cent under the bridge, 
and 30 to 45 per cent behind the bridge. 
Thus, it comprises approximately one 
third of the thickness of the wall of the 
vessel in all three stretches observed and 
does not vary essentially. 


Interesting differences can be observed 
in the intima (Table I). Before the bridge 
it occupied 33.8 per cent of the surface 
of the section, under the bridge, only 20.6 
per cent, and behind the bridge, 22.9 per 
cent in our 14 cases. The difference of the 
surface before and under the bridge ap- 
pears to be statistically significant. Also 
the relationship between the minimum and 
maximum thickness of the intima is simi- 
lar. Before the bridge the intima makes up 
22.8 to 54.6 per cent of the wall of the 
artery, whereas under the bridge it makes 
up only 13.0 to 35.8 per cent, and behind 
the bridge, 17.1 to 36.7 per cent. In the 
stretch of the artery before the bridge the 
intima is, thus, much thicker than under 
the bridge, whereas behind the bridge it 
is of the same thickness or a little thicker. 

Most important, however, is the com- 
parison of the same stretches of a bridged 
and unbridged artery before the bridge 
(Table II). We examined 8 unbridged and 
16 bridged arteries. The surface measure- 
ments gave the same results in both in- 
stances: in the unbridged artery the surface 
of the intima was, on the average, 35.9 
per cent of the whole wall of the artery, 
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and in the bridged artery it was 35.6 per 
cent. But a quite different result was 
obtained by a comparison of the minimum 
and maximum values of the thickness of 
the intima, in per cent, of the whole wall. 
In the unbridged artery the average mini- 
mum was 33.5 per cent, and the average 
maximum was 47.9 per cent; in the bridged 
artery the average minimum was 26.0 per 
cent, and the average maximum was 56.8 
per cent. In the bridged artery the mini- 
mum value was lower, whereas the maxi- 
mum value, on the other hand, was higher. 
If the difference between the minimum and 
maximum is only 14.4 per cent in an un- 
bridged artery, in a bridged artery it is as 
much as 30.8 per cent. The statistical 
evaluation of these differences shows a 


Myocardial bridges and loops on coronary arteries 47 


high significance. From this it follows that 
hyperplasia of the intima in a bridged 
artery before the bridge shows a much 
greater irregularity than in an unbridged 
artery at the same level. The same result 
gives measurement of the thickness of the 
intima of the bridged anterior descending 
branch of the left coronary artery and of 
its unbridged oblique branch before the 
bridge (Table II); both arteries were 
visible in one and the same section. In 
all of the 7 cases observed the difference 
between the minimum and the maximum 
thickness of the intima was greater in the 
bridged descending branch (34.4 per cent) 
than in the unbridged oblique branch 
(17.8 per cent). In this case, too, the dif- 
ference is close to the limit of statistical 


Fig. 3. Section of muscular bridge (a) on the anterior descending branch 
of the left coronary artery (0). 


Fig. 4. Section of muscular loop (a) on the circumflex branch of the left 


coronary artery (0). 
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Table 1. Anterior descending branch of the left coronary artery. The thickness of the intima, 


in per cent, of the whole wall 


Number Minimum-maximum 
of thickness 
cases (arithmetic average) 


Difference 
between 
minimum and 
maximum 


Statistical significance 
of differences in the 
surfaces (t-test after 

Fisher) 


Surface 
(arithmetic 
average) 


Before the bridge 14 22 .8-54.6 


Under the bridge 14 13.0-35.8 


Behind the bridge 14 17.1-36.7 


31.8 33.8 
t= 3.06 
p<0.01 
22.8 20.6 
Statistically 
insignificant 
19.6 22.9 


Table 11. Bridged and unbridged coronary artery. The hyperplasia of the intima, in per 
cent, of the whole wall in the stretch before the bridge 


Number Surface 
of (arithmetic 
cases average) 


Difference Statistical signifi- 
cance of differences 
between minimum 
and maximum 
(t-test after Fisher) 


Minimum- 
maximum between 
thickness minimum 

(arithmetic and 

average) maximum 


Unbridged anterior descend- 
ing branch 


Bridged anterior descending 
branch 


Bridged anterior descending 
branch 


Unbridged oblique branch 


33.5-47.9 14.4 


26.0-56.8 30.8 


23.2-57.6 34.4 
29.3-47.1 17.8 


significance, although the number of cases 
is very small. 

Schematically demonstrated (Fig. 6), 
the bridge effects the unequal hyperplasia 
of the intima in the proximal stretch of 
the artery, whereas on the distal stretch 
it has no influence; here the artery behaves 
in the same manner as do other arteries 
lying subepicardially. 

Especially interesting was one case in 
which the anterior descending branch di- 
vided into three branches (trifurcation), and 
each of these branches had a different 
course (Fig. 7). The sclerotic obliterated 
artery (1) entered under a very big bridge, 
the artery with unchanged intima (2) had 
only a subepicardial course, and the artery 
with moderately thickened intima (3) 
dipped under a smaller bridge. Here the 
fate of the intima corresponded exactly 
with the presence of the bridge. 


In the literature the frequency of the 
overbridgings is mentioned by Geiringer! 
in the anterior descending branch of the 
left coronary artery, where the author 
found the bridge in 23 out of 100 cases. 
In our material, a bridge occurred in 60 
per cent of the cases at the place men- 
tioned: this is a much higher incidence. 
Edwards, Burnsides, Swarm and Lansing™ 
found the overbridgings in 5.4 per cent of 
all hearts (15 times in 276 hearts). 
Djavakhishvili and Komakhidze® observed 
these formations in half of all hearts ob- 
served, whereas in our material they were 
found in 85.7 per cent of the cases. We 
could confirm the observation of these 
latter authors that these formations are 
more frequent in the region of the left 
coronary artery than in the region of 
the right one. The muscular loops have 
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not yet been described in the literature. 

It is known in regard to the coronary 
arteries that the most frequent occlusions 
occur, in the first place, in the proximal 
part of the anterior descending branch of 
the left coronary artery, in the second 
place, in the proximal stretch of the cir- 
cumflex branch of the left coronary artery 
before the obtuse margin, and, in the 
third place, in the terminal stretch of the 
right coronary artery, at the origin of its 
posterior descending branch (Koch and 
Kong"). These places correspond to the 
stretches of the arteries before the sites 
of the most frequent occurrence of muscu- 
lar overbridgings, even in the same suc- 
cession. 

No difference was found in the occurrence 
of the bridges and loops in different age 
groups. This fact means that these for- 
mations are already present in newborn 
infants, and, on the basis of our own 
sections, they are present even in the 
fetus. They develop as early as the em- 


\\ muscular bridge 
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bryonic period, at the time of the for- 
mation of the coronary arteries from the 
original capillary network. This opinion 
we share with Geiringer.! In agreement 
with him, we find no differences between 
the sexes. Nevertheless, there is some 
tendency to a greater number of over- 
bridgings in the region of the left coronary 
artery in men than in women (82.5 to 
70.0 per cent).° 

Furthermore, we find some relation of 
the muscular formations to the length of 
body and to the physical type. In tall and 
thin persons the muscular bridges and 
loops are more frequent in the region of 
the left coronary artery than they are in 
short and thick persons. On the contrary, 
in the region of the right coronary artery 
the overbridgings appear more often in 
short and thick persons than in tall and 
thin persons.° 

From the autopsy records of the Insti- 
tutes of Forensic Medicine and of Patho- 
logic Anatomy of our Medical Faculty 


Gu muscular loop 


Fig. 5. Occurrence of muscular bridges and loops on the coronary arteries, in per cent. (Drawn 


by V. Gabrielova.) 
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we ascertained that anterior myocardial 
infarction really occurs more often in tall 
and thin persons, whereas posterior myo- 
cardial infarction is relatively more fre- 
quent in short and thick persons. 

The clue to these coincidences between 
the described muscular formations and 
occlusions of coronary arteries is given in 
the results of microscopic study. In agree- 
ment with Geiringer,' we state that the 
bridge does not affect the media of the 
artery, but it affects its intima. Diffuse 
hyperplasia of the intima, as a mani- 
festation of the aging of the vessel, be- 
comes more and more intensive during the 
growth. The bridge affects the intima 
favorably in that direction, in that it 
hinders this hyperplasia. We observed 
this phenomenon by two methods other 
than Geiringer’s, and can therefore confirm 
his observation that the intima in the 
subepicardial stretches of the artery is 


Fig. 6. Thickness of the intima in an unbridged (A) 
and bridged (B) anterior descending branch of the 
left coronary artery before (/), under (2) and behind 
(3) the bridge. (Drawn by V. Gabrielova.) 
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hyperplastic, whereas in the ‘mural’ 
stretches (i.e., under the bridge) it remains 
thin. On the other hand, we could not 
agree with the findings of Edwards, Burn- 
sides, Swarm and Lansing," who did not 
observe any difference between the sclerotic 
process in the “intramural” (i.e., under 
the bridge) and that in the ‘‘extramural” 
(i.e., subepicardial) portions of the coro- 
nary arteries. 

But first of all, we aimed at the dif- 
ference between the bridged and unbridged 
artery in that stretch in which occlusions 
most often occur. Even if the degree of 
intimal hyperplasia is the same in both 
cases, there is a marked difference in the 
form of this hyperplasia. In an unbridged 
artery the hyperplasia is more regular, 
whereas in a_ bridged artery it is 
strongly irregular—the thin places of the 
intima alternate with hyperplastic intima, 
and sclerotic plaques are formed. Irregular 
hyperplasia could be observed even in a 
15-year-old person in our material. This 
finding can be explained by the effort ex- 
erted by the wall before the bridge, in con- 
nection with the constriction of the artery 
in systole, which is evident from the ob- 
servation of Porstmann and Iwig.® These 
authors found, in the proximal stretch of 
the course of the anterior descending 
branch, rhythmical constrictions of the 
artery in every systole during the serial 
coronariogram in a 19-year-old patient. 
In this way, a site of predilection is de- 
veloped (one of the morphologic conditions 
for the manifestation of the sclerotic 
process) for the forming of sclerotic plaques 
and occlusions. 

We are far from considering the bridges 
and loops as a cause of occlusions of the 
coronary arteries. These formations exist 
in most persons (in 85.7 per cent), and 
they exist, on the basis of our own obser- 
vations, in various animals, even if the 
sclerotic process of the coronaries which 
is typical of man does not occur in these 
animals to such a degree. In the heart of 
the horse and the cow the coronary arteries 
lie subepicardially, but only the terminal 
branches of second and third order are 
occasionally bridged. On the contrary, in 
the rabbit, guinea pig, and rat the arteries 
run intramurally from the beginning. The 
same conditions found in man are found 
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Fig. 7. 


in the dog, and especially in macaques. 
In sheep and goats the subepicardial and 
myocardial stretches of the artery alter- 
nate even more often than in man, and the 
number of bridges and their size are much 
greater.!° In spite of this fact, these animals 
do not suffer from such a sclerotic process 
of the coronaries and from myocardial 
infarctions as are known in man. 

Schematically formulated, the proper 
cause of the sclerotic process lies in the 
changes of metabolic processes under the 
influence of some not yet quite well-known 
noxious effects, which manifest themselves 
as hyperplasia of the fibrous tissue or as 
lipoid infiltration of the intima. The 
bridges and loops, however, form a suit- 
able morphologic condition for the de- 
velopment of this process. Only in this 
way can we explain the striking relation- 
ship between the localization of the most 
frequent occlusions of the coronary arteries 
and the stretches of the artery behind 
which the described formations occur most 
often. 


Summary 


1. The muscular overbridgings on the 
coronary arteries of 70 human hearts are 
described and classified into (a) muscular 
bridges under which the artery submerges 
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Fig. 7. Section through the anterior descending 
branch of the left coronary artery and its branches. 
See text for explanation. (Diagram on left by 
V. Gabrielova.) 


during its course over the surface of the 
ventricles, and (b) muscular loops which 
attach the artery to the atrial myocardium 
during its course in the atrioventricular 
groove. These formations occur in 85.7 
per cent of all hearts; the occurrence is 
more frequent in the region of the left 
coronary artery. 

2. The muscular bridges formed by 
ventricular myocardium—usually 10 to 
20 mm. long, up to 5 mm. thick, and 
rarely mentioned in the literature—are 
most frequent in the proximal half of the 
anterior descending branch (60.0 per cent), 
next most frequent in the oblique branch 
of the left coronary artery (18.5 per cent), 
and rarer (2.8 to 14.2 per cent) in other 
branches of the left and right coronary 
arteries. 

3. The muscular loops, formed by atrial 
myocardium—usually 10 to 15 mm. long, 
100 to 300 uw thick, and not mentioned in 
the literature up to now—are most fre- 
quent in the first stretch of the circumflex 
branch of the left coronary artery (40.0 
per cent), and in the terminal stretch of 
the right coronary artery (27.1 per cent). 

4. The stretch of the artery before the 
bridge or loop corresponds to the sites at 
which occlusions most frequently occur, 
just as the order of frequency is the same 
as that of the occurrence of these forma- 
tions (the origin of the anterior descending 
branch, the proximal stretch of the circum- 
flex branch of the left, and the terminal 
stretch of the right coronary arteries). 

5. Microscopic examination of 36 hearts 
showed a very close relationship of the 
muscular formation to the adventitia. 
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The muscular overbridging may have 
more layers (circular and longitudinal). 
In the muscular loops, fibrous degeneration 
in old persons was observed to greater 
or smaller degree. 

6. The intima of the artery under the 
bridge is normally thin, whereas especially 
before the bridge it is strongly hyper- 
plastic, but sometimes also behind the 
bridge. 

7. The degree of hyperplasia of the 
intima in unbridged and bridged arteries 
before the bridge (most frequently the 
site of occlusions) is compared. As to the 
surface of the sections, hyperplasia of the 
intima is of the same degree, but there is 
a difference in its shape. Hyperplasia of 
the intima in the unbridged artery is more 
regular, whereas in the bridged artery it 
is irregular, and there is a greater tendency 
to the formation of sclerotic plaques. 

8. The stretches of the arteries before 
the muscular bridges and loops could 
become one of the morphologic conditions, 
a site of predilection, for a sclerotic process. 


In this way the coincidence between sites 
of the most frequent overbridgings and 
those of the most frequent occlusions of 
the coronary arteries could be explained. 
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Hydrogen-platinum electrode system 
in detection of intravascular shunts 


Albert L. Hyman, M.D. 

Edward S. Hyman, M.D 

Antonio C. Quiroz, M.D.* 

James R. Gantt, M.D.* 
New Orleans, La. 


surgery have emphasized the need 
for more accurate techniques in preopera- 
tive diagnosis of cardiac abnormalities. 
The limitations of the oxygen method in 
this study of shunts are well known. More 
accurate techniques employing the indi- 
cator-dilution principle have been de- 
veloped.!* 

Recently, Clark* described a method of 
labeling blood in the lung by means of 
hydrogen inhalation. As it reaches the 
right heart, the hydrogen-labeled blood 
is detected by a change in oxidation po- 
tential, as registered by the platinum 
electrode at that site. The present report 
describes a modification and extension 
of the Clark technique with studies in 
34 patients in whom intravascular shunts 
were confirmed or suspected. In addition, 
the comparative sensitivity of the hydro- 
gen, dye-dilution, and oxygen methods 
was evaluated in 5 dogs with subclavian- 
pulmonary arterial anastomoses. 


Methods and materials 


Electrodes. Standard Goodale No. 5 
and 6 intracardiac catheters were modified 


in order to introduce a shielded, insulated 
conductor to an exposed platinum tip 
without occluding the side holes or af- 
fecting the autoclavability of the catheter. 
A bead made at the tip of a piece of plati- 
num wire was spot-soldered to a length of 
No. 32-41 polyurethane insulated magnet 
wire.t The bare metal was dipped in epoxy 
resint and baked to complete the insula- 
tion. The wire was then drawn through 
the catheter from tip to butt and through 
the wall of the catheter near the butt end 
with a sewing needle. Epoxy resin was 
applied to seal the bead in the tip and the 
hole in the catheter wall. During baking, 
the conductor was displaced from the 
side holes by a Teflon plug. The wire 
which penetrated the wall of the catheter 
was soldered to the center conductor of a 
subminiature, Teflon-insulated coaxial 
cable§ which was 3 to 4 inches in length. 
This solder junction was insulated with 
epoxy. The shield from the cable was 
wrapped around the catheter. Nylon thread 
was wound around the junction, and a 
solution of polyvinyl chloride was applied, 
fusing the junction to the wall of the 
catheter. A subminiature, gold-plated, Tef- 
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Fig. 1. Catheter tip, demonstrating position of 
platinum bead and epoxy resin, with maintenance 
of lateral openings. Stylet tip for Cournand intra- 
arterial needle indicating platinum tip with epoxy 
insulation band. 


lon-insulated connector* was attached to 
the free end of the cable. An autoclavable 
extension was made of the same cable and 
connectors. The platinum tip was exposed 
and shaped with a jeweler’s file. The 
platinum electrode was blacked by catho- 
dizing briefly in a chloroplatinic acid so- 
lution (Fig. 1). 

Probes for Cournand and Henry needles 
were similarly constructed. A bead was 
formed on an appropriate length of plati- 
num wire which had been pulled to 30-F 
gauge for the Cournand needle and 41-F 
gauge for the Henry needle. This length 
was insulated by several thin applications 
of epoxy or polyurethane resin. It was then 
inserted through epoxy-filled stainless steel 
tubing. The resin was polymerized, fixing 
the platinum. The tip of platinum wire 
was spot-soldered to the coaxial cable, 
epoxy insulated, and covered with the 
shield which was embedded in an epoxy 
bead. This bead rigidly fixed the cable 
to the stainless steel tubing. The pro- 
truding platinum bead was shaped with 
a jeweler’s file and burnishing tool to con- 
form to the shape of the needle tubing. 
The protrusion of the probe tip beyond 
the shell of the outer needle was adjusted 
by a Teflon spacer (Fig. 2). 

Electrical circuit. Adequate measurement 
of oxidation potentials requires a higher 
impedance device (in order to avoid loading 
the half cell) than is found in most record- 
ing instruments which have an input 
impedance of about 1 megohm. A simple, 
one tube per channel, battery-operated, 


*Amphenol No. 27—7; 27—8. 


Am. Heart J. 
January, 1961 


DC-coupled cathode follower circuit with 
an input impedance of 22 megohms was 
constructed (Fig. 3). Although this circuit 
had a voltage amplification of less than 
unity (approximately 0.6), the resultant 
signals were larger because of reduced 
loading. This also makes the signal less 
dependent on the size of the electrode 
(Fig. 4). A standard calomel-saturated 
KCI electrode was used as a common 
reference and was simply wrapped in 
gauze, taped to the skin of the patient, 
and wet with saline. 

Clinical studies. Thirty-four patients 
were studied with the hydrogen electrode, 
the double-catheter dye-dilution, and oxy- 
gen techniques. The platinum-tipped cathe- 
ter was passed from an arm vein into the 
pulmonary artery. The platinum-tipped 
stylet was inserted through an_intra- 
arterial needle, and proper electrical con- 
nections were made by means of sterile 
extension cords. A platinum- or rhodium- 
plated nosepiece was taped in place on 
the nasal mucosa. The patient took one 
breath of hydrogen, and the changes in 
oxidation potential were monitored and 
recorded as continuous curves on an eight- 
channel recorder.* The presence of a 
left-to-right shunt was readily detected 
from the early appearance of hydrogen in 
the right heart or pulmonary artery, as 
compared with the time of appearance in 
the femoral artery. Pressure was simul- 
taneously recorded. Approximately 2 to 4 
minutes were required for the curves to 
return to the base line. This procedure 
was repeated in each chamber of the right 
heart in order to localize the shunt. 

Two patients with pulmonary stenosis 
and atrial septal defect and 1 patient with 
ventricular septal defect had right-to-left 
shunts. These patients were studied after 
rapid manual injection of 10 to 15 c.c. of 
blood or saline which had been exposed 
to hydrogen for 2 to 3 minutes. The labeled 
blood or saline was injected into a cardiac 
catheter which had been placed upstream 
from the site of the right-to-left shunt, 
and the hydrogen was detected by the 
electrode stylet in the systemic artery. 
Similar studies were performed by means 
of injection of Cardiogreen dye, with 
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Fig. 2. Cardiac catheter and intra-arterial stylet with platinum electrodes in tips. 


detection of the appearance of the charac- 
teristic two peaks in the systemic arterial 
curve.° 

Experimental studies. The left subclavian 
artery was anastomosed to the pulmonary 
artery in 5 mongrel dogs. A Jacobson 
inflatable cuff was placed about the sub- 
clavian artery, and the injection arm was 
implanted subcutaneously. Approximately 
2 weeks after recovery the animals were 
studied under intravenous Nembutal an- 
esthesia and endotracheal intubation. A 
No. 5 or 6 Goodale catheter with a plati- 
num-tipped electrode was passed into the 
left pulmonary artery. A second No. 6 
Goodale catheter without an electrode was 
passed into the same position. Another 
No. 6 Goodale catheter was then passed 
into the right ventricle. A Cournand 
needle was placed in the femoral artery. 
The cuff which had previously been inflated 
with 2 to 3 c.c. of water to completely 
occlude the shunt was deflated in stages, 
removing 0.05 c.c. at a time until the 
hydrogen-platinum system detected a 
shunt. The platinum electrode catheter 


was then carefully passed peripherally to 
avoid disturbing the other two catheters. 
Dye curves were obtained from the pulmo- 
nary artery and femoral artery after in- 
jection of 1.25 mg. of indocyanine dye 
into the platinum electrode catheter, which 
had been placed in a peripheral pulmonary 
artery. The calibration of the pulmonary 
curve was such that a deflection of 1 cm. 
equaled 0.017 mg. of Cardiogreen dye per 
liter of blood. Blood was also withdrawn 
from the left pulmonary artery and right 
ventricle for analysis of oxygen content. A 
shunt was considered to be present when 
the difference in oxygen between the sample 
from the pulmonary artery and that from 
the right ventricle was 0.5 volume per 
cent.6 The cuff was then deflated stepwise 
until both methods indicated the presence 
of a shunt. The relationship of the ap- 
pearance of a shunt in these methods and 
the appearance of the murmur was noted. 
The femoral arterial pressure was not 
altered during the procedure. 

In one dog a platinum electrode catheter 
was passed into the pulmonary artery 
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INPUT 
OUTPUT 


Fig. 3. Diagram of electrical circuit for high im- 
pedance. 


from a neck vein, and a No. 6 Goodale 
catheter was passed from the femoral 
artery retrograde into the left ventricle. 
The cardiac output was measured by the 
Fick method. Hydrogen-saturated blood 
was injected at successively slower rates 
into an external jugular vein until it could 
just be detected by the electrode in the 
pulmonary artery. Similar injections were 
made into the left ventricle until hydrogen 
could just be detected by the femoral 
electrode. 


Results 


Detection of shunts in patients. The 
hydrogen-platinum system detected a left- 
to-right shunt in every instance in which 
the dye technique indicated the presence 
of this shunt. Typical curves are shown in 
Figs. 5 through 8. In 4 patients with smaller 
shunts (less than 0.5 times the systemic 
blood flow) the oxygen method gave 
equivocal or negative results. The hydro- 
gen-platinum system did not detect a 
left-to-right shunt in any of the patients 
when the dye method failed to indicate 
its presence. 

In 2 of the 3 patients with right-to-left 
shunts the hydrogen-platinum and_ the 
dye systems correctly detected the site 
of the right-to-left shunt. In the third, a 
patient with pulmonary stenosis and atrial 
septal defect, the dye and oxygen methods 
detected a small shunt (less than 15 per 
cent of the systemic venous return), al- 
though the hydrogen-platinum system 
failed to detect it. In this case, however, 
manual injection of 15 c.c. of blood into a 
No. 5 catheter was necessarily slow. Typi- 
cal curves obtained with the hydrogen- 
platinum system are shown in Fig. 9. 

Detection of valvular regurgitation was 
readily accomplished. Blood or saline, 
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previously exposed to hydrogen, was in- 
jected into a catheter which was placed in 
the chamber immediately downstream 
from the valve. Regurgitant blood was 
detected with the platinum-tipped catheter 
in the immediate upstream chamber. A 
typical curve is shown in Fig. 10. 

Results of the experiments performed on 
the 5 dogs with subclavian-pulmonary 
arterial anastomoses are shown in Table I. 
In each case the hydrogen-platinum system 
clearly detected the shunt earlier than did 
the other two methods and before the 
appearance of the murmur. No attempt 
was made to quantitate the shunt by the 
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Injection of 1.5 c.c. hydrogenated 
blood into the right ventricle 
and detecting in the pulmonary 


artery with catheter electrode 
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Using High Impedance Without High Impedance 
Circuit Circuit 


Fig. 4. Successive injections of hydrogen-saturated 
blood into an anesthetized dog, indicating curve 
obtained with and without the high-impedance 
circuit. Detection is indicated by deviation of 
electrode line from base line. 


- FEMORAL ARTERY 


Fig. 5. Typical curve obtained in a patient without 
a shunt. The nosepiece, used to detect the point of 
inhalation, may be constructed of platinum or 
be rhodium plated. Oxidation potential and pulmo- 
nary arterial pressure curves were obtained from 
the same catheter. 
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Fig. 6. Curves obtained in a patient with patent 
ductus. The change in oxidation potential is 3 
seconds after inhalation of hydrogen in the pulmon- 
ary artery, and 11.5 seconds in the right ventricle. 
A rhodium nosepiece was employed. 


hydrogen-platinum system, but calcula- 
tions were obtained after further deflation 
of the cuff permitted a great enough shunt 
to give positive results from the dye curves 
and the oxygen method (Table I). 

The results of injection of hydrogenated 
blood into the external jugular vein and 
detection with an electrode catheter in 
the pulmonary artery indicate that as 
little as 2 c.c. injected at the rate of 13 c.c. 
per minute, with a cardiac output of 3 L. 
per minute, gave a clear signal (Fig. 11). 
Injection into the left ventricle of 3 c.c. 
of hydrogen-saturated blood at the rate of 
43 c.c. per minute, with a cardiac output of 
3 L. per minute, gave a clear signal from 
the electrode catheter in the femoral artery 
(Fig. 12). 


Discussion 


The hydrogen-platinum system has 
proved to be a reliable, simple, and ac- 
curate method for the detection and locali- 
zation of small left-to-right shunts. The 
technique can be repeated as frequently 
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as necessary at the catheterization table 
without the withdrawal of samples of 
blood for dye curves or the insertion of 
multiple catheters. Although this tech- 
nique affords no known method for quanti- 
tation, removal of samples through the 
same catheter from the pulmonary artery 
and vena cava for analysis of oxygen con- 
tent will allow estimation of the size of the 
shunt. The extreme sensitivity of the 
method, however, serves as a disadvantage 
in the presence of large shunts, when 
valvular regurgitation is likely to occur. 
Small amounts of hydrogen-labeled blood 
which appear early in the right heart are 
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Fig. 7. Curves obtained in a patient with ventricular 
septal defect with left-to-right shunt which is 
indicated by the late appearance of change in 
oxidation potential in the right atrium as compared 
to the right ventricle. A platinum electrode nosepiece 
was used for the signal of inhalation of hydrogen 
in recording the curve from the right ventricle, 
and interruption of the electrocardiogram was used 
for the other two curves. 
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Fig. 8. Curves obtained in a patient with atrial septal defect. A rhodium nosepiece was employed. 


detectable in the chamber immediately 
upstream from a regurgitant valve. In 
the present study, the dye method usually 
presented the same problem, and the 
oxygen method proved more reliable. 
Experience with detection of right-to-left 
shunts in this investigation is limited. It is 
apparent, however, that with larger shunts 
(greater than 20 per cent of the systemic 
venous return), localization is readily ob- 
tained with the hydrogen-platinum system. 
With smaller right-to-left shunts, more 
rapid injections should prove helpful. The 
low solubility of hydrogen in saline or 
blood is disadvantageous; the labeling is 
not so massive as that obtained in the 
lung after inhalation of hydrogen. The 
hydrogen-platinum system has the advan- 
tage of an unequivocal response. We have 
never detected hydrogen-labeled blood 
passing through the lungs of experimental 
animals by a platinum electrode in the 
left atrium or left ventricle, or in exhaled 


air’; nor have we detected it in human 
subjects without right-to-left shunts by an 
electrode in the femoral artery after injec- 
tion was made into the right heart. 

The relative sensitivity of the hydrogen- 
platinum system is indicated by the studies 
with subclavian-pulmonary arterial anasto- 
moses. The oxygen method appeared 
to be more sensitive than previous ex- 
perience in studies on congenital heart 
disease in this laboratory would suggest. 
However, in this study, the samples for 
analysis of oxygen content were removed 
from both catheters simultaneously, with- 
out their manipulation, in anesthetized 
animals. Additionally, the quantity of 
the shunt could not be accurately gauged 
by the stepwise deflation of the cuff about 
the subclavian artery. 

The modification of the Clark electrical 
circuit offers the advantage of representing 
the oxidation potential more adequately, 
independent of the size of the platinum 
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electrode. Even with this more adequate 
registration of the natural logarithmic 
relationship of concentration to potential, 
quantitation of the hydrogen concentration, 
and, hence, the size of the shunt, is not 
readily accomplished. 


Summary 

A modification of the Clark hydrogen- 
platinum system is described, employing 
a high-impedance system, platinum-elec- 
trode catheters, and stylets for Cournand 


Table 1. Summary of results obtained by 
stepwise deflation of a Jacobson cuff placed 
about a subclavian artery which had been 
anastomosed to the pulmonary artery* 


Cubic centi- 


meters re- 
moved from He Dye Oz Murmur 
cuff 
Dog No. 1: 

Occluded 0 0 0 0 
0.10 + 0 0 0 
0.15 + 0 0 0 
0.20 + 0 0 Systolic 

component 
0.25 + + + Systolic and 
.1X PBF .2X PBF diastolic 
Dog No. 2 
0.05 + 0 0 0 
0.10 + 0 0 Systolic 
component 
0.15 + + + Systolic 
.02X PBF .02X PBF component 
Dog No. 3: 
0.05 0 0 0 0 
0.10 + 0 0 0 
0.15 + 0 0 0 
0.20 + + 0 
PBF .08X PBF 
Dog No. 4: 
0.05 0 0 0 0 
0.10 + 0 0 0 
0.15 + + 0 0 
PBF 
0.20 + + 0 0 
All fluid = + + 0 0 
removed .15X PBF 
Dog No. 5: 
0.05 0 0 0 0 
0.10 + 0 0 0 
0.15 + + 0 0 
4x PBF 
0.20 + + + Systolic 


.5X PBF component 


*Absence of a shunt is indicated by a zero. Evidence of a shunt 
is indicated by a plus sign. The numerals below the plus 
sign indicate the calculated shunt in terms of pulmonary 
blood flow. 
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or Henry needles. Typical curves which 
illustrate the localization of left-to-right 
and right-to-left shunts are presented. 
Valvular regurgitation is readily detected. 
The advantages of the method are the 
simplicity and reliability of the detection 
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15 c.c, hydr ted saline 


injected into the right 
4 ventricle. No detection 
| | at the femoral artery. 

Right-to-left shunt is at 
the atrial level 


Right-to-Left Shunt 


15 c.c. of hydrogenated saline 
injected into the right atrium 
and detected with platinum 
electrode stylus in Cournand 
needle in the femoral artery 


j 
YINIECTION 


Fig. 9. Curve obtained in a patient with pulmonary 
stenosis and right-to-left shunt at the atrial level. 
Hydrogenated saline gave a signal at the femoral 
artery, as indicated by its deviation from the base 
line only when injected at the atrial level or up- 
stream, but failed when injected into the right 
ventricle or pulmonary artery. No change in oxida- 
tion potential was seen in the platinum nosepiece. 


TRICUSPID REGURGITATION 
15 c.c. of hydrogenated blood 
injected into the right ventricle 
and detected with platinum 
electrode catheter in the right 


atriu: 


| 


Fig. 10. Curve showing detection of tricuspid 
regurgitation by means of a regular catheter for 
injection, and a platinum electrode catheter for 
detection. The signal is indicated by the deviation 
of the right atrial electrode catheter line from the 
base line. 
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| 


| 2 c.c. hydrogenated 

} injected into the superior 

_| vena cava and detected at 

1 sec. the pulmonary artery 
| ' ! 


Fig. 11. Curve showing detection of change in 
oxidation potential in pulmonary artery when 2 c.c. 
of hydrogenated blood was injected at rate of 13 
c.c./min. into neck vein of a dog with cardiac 
output of 3 L./min. 


and localization of small shunts by means 
of a single intracardiac catheter. The dis- 
advantages of the method are its extreme 
sensitivity, which complicates evaluation 
of valvular regurgitation, and the lack of 
quantitation of the shunt volume. 


Addendum 


Recently, one of the authors (E.S.H.) 
devised a circuit that registers hydrogen 
as a linear function of its concentration at 
a platinum electrode in vitro and in simple 
in vivo experiments. By this method the 
aortic blood varies from 30 to 50 per cent 
saturated with hydrogen with various inha- 
lations of 100 per cent hydrogen. 


We express appreciation to Mr. Dewey Pailet, 
jeweler, and Mr. H. H. Schmidt, jeweler’s manu- 
facturer, for assistance with royal metals, and to 
Superior Tubing Co., Norristown, Pa., for the stain- 
less steel needle tubing. 
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Itrasound has been used in industry 

to detect flaws in metal and to 
sound the depth of the sea; a good trans- 
mittance and sharp direction of ultrasound 
in a given substance can attest such utili- 
zation. Quite naturally, too, ultrasound 
has been used to study the inner aspects 
of the human body. It was first employed 
in detecting tumors and _gallstones,!-’ 
and has also been applied to the heart, 
by Keidel,’ Edler and Hertz,9-" Wild,” 
and others. 

In the present study the ultrasonic 
Doppler method was adopted. It features 
a device to represent the movements of 
the target to be examined, and enables 
one to detect the time in which movements 
of the valves occur. 


Method 

A. Principle. 

1. TRANSMITTANCE, DIRECTION, AND RE- 
FLECTION IN THE BODY OF THE ULTRASOUND. 
Ultrasound is a sonic wave with a fre- 
quency above the audible range (16 c.p.s.- 
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16,000 c.p.s. on an average). The propa- 
gation of ultrasound follows the Huygens 
principle, as in the case of an audible 
sound. When an ultrasound which has a 
wave length A is sent in one direction 
from a circular plane source having di- 
ameter d, 90 per cent of the energy of 
the ultrasound is included in solid angle 
6, which is determined by the following 
formula™:'*; 
sin @= 1.22 /d 

where @ is small, since \ of the ultrasound 
is small, i.e., the energy of the ultrasound 
is sent mostly in one direction, with little 
divergence. Thus it is understood that the 
ultrasound possesses a sharp direction. 
The ultrasound has a straight propagation 
into the living body, as does x-ray. It can 
be used in examining those targets in the 
path of its transmission. 

When the ultrasound is transmitted 
into the living body from its surface, a 
part of the transmission is reflected from 
the boundary between two living tissues 
which possess different sound impedances. 


*From the First Department of Medicine, Osaka University Medical School, Osaka, Japan. 
**From the Institute of Industrial and Scientific Research, Osaka University, Osaka, Japan. 
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Demodulator and AF-Amplifier (with Filter) 
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Fig. J. Instrument. A, Schematic block diagram. B, 


For instance, in the heart, the ultrasound 
is partially reflected from the outer surface 
and inner surface of the heart wall, from 
the valves, and from the surface of both 
sides of the septum, etc. Accordingly, it 
is possible to obtain information about 
the inside of the heart (e.g., the movements 
of the valves) which would be denied to 
other methods, such as x-ray. 

2. PRINCIPLE OF THE ULTRASONIC DOPPLER 
METHOD. When the continuous beam is 
transmitted from the chest wall to the 
heart, and is reflected from the heart wall 
and valves, it undergoes Doppler effect 
subject to the movements of the heart.'®:16 
When this reflected wave is detected to- 
gether with the direct wave, a beat ap- 
pears, the frequency of which is (f.) 

fa 2 


Transducer and its holder. C, Circuit. 


Here u represents the velocity component 
of the target in the direction of the ultra- 
sonic beam, and X is the wave length of the 
ultrasound transmitted in the living body. 
The frequency of the beat is proportional 
to the velocity component of the target. 
The present authors have employed an 
amplifier for observance of this beat in an 
attempt to get information about the heart 
wall, valves, etc.17 When the target is 
kept still, i.e., strictly speaking, when the 
velocity of the target does not possess a 
component in the same direction as the 
ultrasonic beam, no beat occurs. Hence, 
this method is considered to be closely 
related with the movements of the target 
examined. 

B. Instrument. Fig. 1 describes the 
schema of the apparatus" used. The high- 
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frequency oscillator employed was of 
1-2 watts, the frequency being 3 megacycles 
per second. A disc of barium titanate, 1 
cm. in diameter, was used as the electro- 
sonic transducer. The disc was divided 
into two parts, being a concentric circle. 
The inner and outer parts were used for 
sending and detection, respectively (Fig. 
1,B). In the area for detection the direct 
wave as well as the reflected waves were 
detected electrically or mechanically: a 
beat develops between these two waves. 

The calculated value of the power of 
the ultrasound was about 20-50 milliwatts 
per square centimeter. Cavitation which 
causes influential physiologic effects on 
the living tissue develops mostly at over 
300 milliwatts per square centimeter. 
Therefore, in the present study, the in- 
tensity of ultrasound employed for a few 
minutes seems to be free from any un- 
toward side effects. The aforesaid @ was 
about 4 degrees. An ordinary type of 
pentode grid demodulator was used as a 
detector. The amplification of the low- 
frequency amplifier was 60-80 decibels. 
As the filter, a low-pass (cut-off frequency 
200 c.p.s.) filter and a band-pass filter of 
500-1,000 c.p.s. were employed. 

The Doppler signal was recorded by 
means of an electromagnetic oscillograph 
under the control, with an earphone and/or 
a Braun tube. The paper speed was 20-30 
cm. per second. We usually recorded the 
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Doppler signal simultaneously with the 
ECG and PCG and made comparative 
study of these. Fig. 1,C shows the diagram 
of the apparatus employed. 


Results and discussion 


Part I. The kinds of Doppler signal due 
to heart movements. 

1. THE KINDS OF DOPPLER SIGNAL DUE 
TO HUMAN HEART. When this. method was 
applied to a human body, a transducer 
was closely attached to the precordial 
area. Here, fluid paraffin was employed 
for the removal of the air between the 
skin and the transducer so as to give a 
good contact. The Doppler signal can be 
obtained in any area in which the heart is 
attached to the chest wall. But, when 
transmission to the target is carried out 
through the lung, the ultrasound is ab- 
sorbed by the air in the lung, and it is 
difficult to obtain the Doppler signal with 
the intensity of ultrasound used in the 
present study. Occasionally, it is difficult 
to obtain the recording in an athletic hu- 
man body which has a short and wide 
thorax. Moreover, ultrasound does not 
transmit through bone tissues. 

The Doppler signal thus obtained was 
classified into the following two kinds in 
terms of frequency'*®!*: (a) low-frequency 
signal of less than 500 c.p.s., mostly 100- 
200 c.p.s., and (b) high-frequency signal 
of about 1,000 c.p.s. In the present study, 
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Fig. 2. Ultrasonic Doppler signal of low frequency (in the fourth left intercostal space at the parasternal line) 
related to the movement of the heart wall. 
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a filter was generally used to record these jects is shown in Fig. 2. When compared 
two signals separately. with the ECG and the PCG which were 

2. THE LOW-FREQUENCY SIGNAL. The low- recorded concurrently, this signal begins 
frequency signal obtained in healthy sub- to appear within almost 0.04-0.09 second 


- frequency Doppler Signal 
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Fig. 3. High-frequency Doppler signal related to the movement of the valve (exposed 
dog heart). Top: Tricuspid valve. Bottom: Pulmonic valve. 
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Fig. 4. Ultrasonic Doppler signal of high frequency related to the pulmonic valve. Po: Opening. Pc: Closing. 
The end of Pc coincides with the beginning of the second heart sound. (S. T., a 30-year-old healthy man.) 


after the beginning of the QRS, nearly at 
the same time as the beginning of the 
first heart sound. 

The first half of the low-frequency signal 
lasts almost until the summit of the T. 
The latter half begins almost at the same 
time as the second heart sound, and lasts 
for about 0.3 second. It is reasonable to con- 
sider that this low-frequency signal is 
related to the movements of the heart 
wall, and that its first and latter halves 
are due to the movement in systole and 
diastole, respectively. The site for low- 
frequency signal in the present study was 
generally represented by the fourth inter- 
costal space on the left parasternal line. 

Besides the aforementioned low- 
frequency signal, a low-frequency signal 
appears at the time corresponding to the 
P-Q (Fig. 2). This low-frequency signal 
begins 0.08-0.13 second after the beginning 
of the P (mostly in 0.10-0.11 second) and 
lasts for 0.07-0.12 second. The time of the 
beginning and the duration of this low- 
frequency signal are similar to the time of 
beginning and the duration of the auricular 
sound.!*:° This signal is considered to 
indicate the movements of the heart wall 
which accompany an auricular contraction. 

3. THE HIGH-FREQUENCY SIGNAL. The 
high-frequency signal appears subsequent 
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6.09 ~ 0.|3 Ace. 


to the ORS as well as nearly at the end of 
the T, and it lasts for a short time (Figs. 4 
and 6). With regard to its frequency, the 
target is understood to move with a speed 
several times faster than that of the target 
of the aforesaid low-frequency signal. 
Considering this high speed and the time 
of appearance, it is understood that the 
target examined must be a valve (tendon, 
papillary muscles, etc., may also be refer- 
able). The finding that the time of appear- 
ance of the high-frequency signal is slightly 
different in the basal area from that in the 
apical area can be reasonably interpreted 
in accordance with the difference of the 
time of the movements in the semilunar 
valve from that in the atrioventricular 
valve. 

4, EXPERIMENT IN EXPOSED DOG HEART. 
An attempt was made to confirm that the 
high-frequency signal is related to valvular 
movements. A transducer was applied 
on the exposed surface of the dog heart in 
order to ascertain where the high-frequency 
signal could be obtained,” and we found 
that the signal could be obtained in the 
vicinity of (a) the tricuspid valve, (b) the 
mitral valve, and (c) the pulmonic valve, 
when the ultrasonic beam was sent toward 
these valves. 

In the vicinity of the tricuspid valve the 
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Fig. 5. Delayed closing of the pulmonic valve in RBBB. Second basal sound is redupli- 
cated, Its earlier component JJa is interpreted as being due to the aortic valve; its later 
component JJb is due to the pulmonic valve. The latter does not appear in the apical 
region. Doppler signal Pc has been obtained in the second intercostal space at the left 
sternal edge. Its end coincides, as expected, with the beginning of IIb. (H. A., a 30-year- 


old man.) 


high-frequency signal begins 0.04 to 0.05 
second after the beginning of the QRS and 
0.05 second after the end of the T (Fig. 
3, top). The time of appearance is about the 
same in the vicinity of the mitral valve. 
In the vicinity of the pulmonic valve the 
high-frequency signal appears 0.09 second 
after the beginning of the QRS and nearly 
at the end of the T (Fig. 3, bottom). Thus, in 
regard to early systole, the high-frequency 
signal obtained in the vicinity of the tri- 
cuspid valve appears 0.04 second earlier 
than that in the vicinity of the pulmonic 
valve. On the contrary, in regard to nearly 
the end of the T, the high-frequency signal 
obtained in the vicinity of the pulmonic 
valve appears 0.05 second earlier than that 
in the vicinity of the tricuspid valve. When 
the site and time for the development are 
considered, such a high-frequency signal 
seems to be related to the movements of 
the related valves, probably inclusive of 
chordae tendineae and papillary muscles, 


and to denote the time of movements. It is 
understood that the time intervals between 
the signal of the pulmonic valve and that 
of the tricuspid valve in early systole and 
at nearly the end of the T signify the 
duration of isometric contraction and the 
duration of isometric relaxation, respec- 
tively. 

In so far as the time of development and 
the frequency are concerned, the high 
Doppler signals obtained on the human 
chest wall correspond to those of the afore- 
said dog. Therefore, this seems to confirm 
that the high-frequency signal from a 
human being indicates the time of valvular 
movements. 

Part II. The high-frequency Doppler 
signal due to valvular movements in a human 
being and its clinical application. 

1. THE HIGH-FREQUENCY DOPPLER SIGNAL 
DUE TO VALVULAR MOVEMENTS. The high- 
frequency Doppler signal in a human 
being’®:2° which is considered to be due to 
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the movements of the semilunar valves 
is most clearly recorded exclusively with 
the transducer on the left sternal edge in 
the third intercostal space, sometimes in 
the second or fourth intercostal spaces 
(Fig. 4). On the basis of the findings in 
cases of bundle branch block or redupli- 
cated basal second sound, as mentioned 
later on, it is concluded that the Doppler 
signal due to the aortic valve is obtained 
on the left sternal edge in the third or 
fourth intercostal space, and the Doppler 
signal due to the pulmonic valve is ob- 
tained on the left sternal edge in the third 
or second intercostal space. A semilunar 
valve is so small a target that it needs a 
limited site of the transducer and a limited 
direction of the ultransonic beam. 

The Doppler signal due to the opening 
of a semilunar valve in a healthy human 
being appears 0.09-0.14 second after the 
beginning of the QRS; the signal due to 
the closing of a semilunar valve appears 
just before the second heart sound, and 
its termination coincides with the beginning 
of the second heart sound (Figs. 4 and 5). 

According to this finding, the second 
heart sound develops almost simultan- 
eously with the completion of the closing 
of a valve; that is, the second heart sound 


i 


PCG 


oppler 


Sige a| 


Analysis of heart motion by ultrasonic Doppler method 67 


seems not to be caused by the movements 
of the valves themselves, but by the tens on 
or vibration of the related valves and their 
adjacent tissues due to impulses which 
develop directly after the closing. 

Strictly speaking, it is frequently dif- 
ficult to define in a human being whether 
the Doppler signal due to a semilunar 
valve is caused by the pulmonic valve or 
by the aortic valve. Mostly, both valves 
seem to move simultaneously. But in some 
cases the two signals due to these valves 
can be differentiated as to time and site. 
Then the opening of the aortic valve (Ao) 
begins 0.09-0.14 second (average 0.107 
second: 7 cases) after the beginning of the 
ORS, and the opening of the pulmonic 
valve (Po) begins 0.09-0.13 second (0.106 
second: 25 cases) after (Table I). But in 
cases in which both signals are recorded, 
Po precedes Ao by 0.02 second or less. 
Moreover, the signal due to either of these 
valves is obviously differentiated in cases 
with bundle branch block and cases with 
a reduplicated or split second heart sound. 
As soon as the signal for the closing of the 
aortic valve or pulmonic valve (Ac or Pc, 
respectively) terminates, the respective 
component of the second heart sound 
begins (Fig. 5). 


Mo: Opening. (S. N., a 35-year-old man.) 
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Fig. 6. Ultrasonic Doppler signal of high frequency interpreted to be related to the mitral valve. Me: Closing. 
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Fig. 7. Delayed opening of the mitral valve in myocardial change. (T. S., a 52-year-old woman with hyper- 


tension.) 


The Doppler signals which seem to be 
related to the atrioventricular valve, es- 
pecially those due to the mitral valve, are 
most likely to be detected on the left 
parasternal line in the fourth intercostal 
space. 

Of these signals, the signal due to the 
closing of the mitral valve (Mc) in a healthy 
human being begins 0.03-0.08 second 
(average 0.054 second: 76 cases) after the 
beginning of the QRS (Table II); the 
interval between the Mc and the QRS 
varies with different pathologic conditions 
(Fig. 6). 

The signal due to the opening of the 
mitral valve (Mo) in a healthy human 
being begins 0.05-0.10 second (0.069 
second: 81 cases), mostly 0.06-0.08 second 
(Table III) after the closing of the semi- 
lunar valve is completed, i.e., the beginning 
of the second heart sound (II). The signal 
for either the closing or opening requires 
about 0.02-0.04 second. 

Another high-frequency signal (Mps) 
appears at the time which corresponds to 
the P-Q (Fig. 6). It begins approximately 
at the same time as a low-frequency signal 
which appears at the interval corresponding 
to the P-Q and the auricular sound,!*° 
i.e., 0.10 to 0.13 second after the beginning 
of the P. In cases in which there is complete 
atrioventricular block, Mps accompanies 


the P, independently of the QRS. It does 
not appear in cases in which there is auricu- 
lar fibrillation. When these findings are 
considered, it is assumed that Mps is 
caused by valvular movements which are 
due to an inflow of the blood into the ven- 
tricle at the time of auricular contraction. 

The Doppler signal which is due to the 
tricuspid valve is obtained on the left 
lower sternal edge. That signal is frequently 
difficult to differentiate from the signal due 
to the mitral valve, as to time and site. 
Both valves seem to open almost simul- 
taneously. But in some cases a signal (Tc) 
which can be defined as obviously being 
due to the tricuspid valve occurs 0.04-0.05 
second (average 0.043 second: 9 cases) 
after the beginning of the QRS (Table II). 
At that time it precedes the opening of the 
mitral valve by 0.01-0.02 second. 

In cases in which there is a great interval 
between the time of the right and left ven- 
tricular contractions, e.g., bundle branch 
block, the respective signals due to these 
two valves can obviously be differentiated 
from each other. 

Thus, the time of the opening and closing 
of the valves, if detected, will lead one to 
determine the duration of isometric con- 
traction, isometric relaxation, etc. Of 
course, it is possible to measure the iso- 
metric relaxation on the left side and right 
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Table 1. Time of opening of semilunar valves 


QAo QPo 
Second (Number of (Number of 

cases) cases) 
0.09 2 5 
0.10 2 7 
0.11 1 8 
0.12 1 4 
0.13 0 1 
.14 1 0 
7 25 


Table Il. Time of closing of atrioventricular 
valves 


QMc QTc 
Second (Number of (Number of 

cases) cases) 
0.03 1 0 
0.04 14 6 
0.05 28 3 
0.06 20 0 
0.07 10 0 
0.08 3 0 
76 9 


Table III. Duration of isometric relaxation 
(JI Mo) 


IIMo 
Second (Number of cases) 

0.05 10 
0.06 23 
0.07 28 
0.08 9 
0.09 9 
0.10 2 

81 


side separately under the conditions 
wherein the opening and closing of the 
pulmonic valve (Po, Pc) and of the tri- 
cuspid valve (To, Tc) can be differentiated 
from the opening and closing of the aortic 
valve (Ao, Ac) and the mitral valve (Mo, 
Mc). Here it must be admitted that since 
the end of the closing of the semilunar 
valves coincides with the beginning of the 
second heart sound, the duration from the 
beginning of the second heart sound (II) 
to the beginning of Mo (To) is used as the 
duration of isometric relaxation instead 
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of the duration from the beginning of the 
closing of the semilunar valves to the 
beginning of Mo, for the convenience of 
recording in the following description. 

The duration of isometric contraction 
in healthy persons is 0.03-0.08 second. 
The duration of isometric relaxation 
(II Mo) in most cases is 0.06 to 0.08 second 
(Table III); cases of bradycardia show, 
mostly, a trend of slight prolongation of 
isometric relaxation. 

2. FINDINGS IN PATHOLOGIC CASES. The 
time of valvular movements detected by 
the present method varies according to 
different pathologic conditions; above all, 
the time of opening of the mitral valve 
(Mo) is especially variable, and results 
in marked changes in the duration of 
isometric relaxation. The findings so far 
obtained of the time of valvular move- 
ments are presented below. 

a. Myocardial changes (coronary 
sclerosis and hypertensive heart disease) : 
Cases in which there are ST-T changes in 
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Fig. 8. Relationship between duration of isometric 
relaxation and grade of T-loop change in cases of 
hypertension and left ventricular strain pattern. 
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Fig. 9. Movements of the mitral valve in mitral stenosis. Mps is absent. Mc is slight!y delayed; IJ Mo is short- 
ened. The opening snap begins while Mo develops. (S. D., a 38-year-old man with mitral stenosis.) 


the left precordial leads (with a few ex- 
ceptional cases) show a markedly delayed 
opening of the mitral valve over the end 
of the T (Fig. 7). The isometric relaxation 
is over 0.10 second, mostly 0.12-0.14 
second, and occasionally reaches 0.18 
second. The mechanism of such delay has 
not been clarified. But the delay suggests 
that a certain factor, or factors, disturbs 
a smooth shift of the myocardium from 
mechanical systole to mechanical diastole. 
Electrocardiographically, a delayed re- 
polarization of the myocardium, especially 
of the outer layer of the myocardium, may 
be interpreted as playing a great role in 
the mechanism of ST-T changes. The 
existence of a relationship between an 
electrical delay and a mechanical delay 
is suggested, leaving a problem to be pur- 
sued in the future. 

b. Hypertension: Generally, cases of 
hypertension show a delay in Mo. But 
there is‘ no close relationship between the 
grade of hypertension and the grade of 
delay. Cases in which there is a normal 
ECG show mostly a slighter grade of 
delay than the aforesaid cases in which 
there are ST-T changes. The severity of 
the left ventricular strain pattern has 
been classified by us on a vectorcardio- 
graphic basis into five grades.”:* Accord- 


ing to this classification, it seems that the 
severer the grade of ST-T changes, the 
longer the duration of isometric relaxation 
(Fig. 8). However, some cases in which 
there is a normal ECG show also a delay 
occasionally. They even show marked 
changes. This seems to afford promise of 
an early detection of myocardial changes. 

c. Mitral valvular disease: In cases of 
mitral stenosis and mitral stenosis and 
regurgitation without auricular fibrilla- 
tion,** generally no Mps develops in the 
presence of the P (Fig. 9). The disap- 
pearance of the Mps was observed in all 
of 29 cases of stenosis, and in all but 3 
of 18 cases of stenosis and regurgitation. 
This result seems to shed a bright light 
on the facilitation of diagnosis. The mecha- 
nism of the disappearance of the Mps has 
been left obscure, but a possible interpre- 
tation is that the movements of the mitral 
valve may be limited by the hardness of 
the valve. 

Other representative findings in mitral 
valvular disease are a delayed closing of 
the mitral valve and an early development 
of the opening of the mitral valve, i.e., a 
trend of prolongation of QMc and a 
shortening of IIMo (Fig. 9). 

The prolongation of QMc is comparable 
to the PCG finding in which the first heart 


| 
| 
EC CT HN 4 ac | 
| | | | | 
| 
Mes QM. 


Volume 61 
Number 1 


sound develops late in cases of mitral 
valvular disease.**-?* Its mechanism may 
be referable to an insufficient ventricular 
filling, an elevated left auricular pressure, 
and a delay in elevation of the left ven- 
tricular pressure due to a regurgitation. 

Elevation of the left auricular pressure 
is suggested as a factor which induces early 
opening of the mitral valve. In this study 
an attempt was made to find a relationship 
between II]Mo-duration and the ECG 
abnormalities (Table IV). In cases of 
mitral stenosis, those in which right ven- 
tricular hypertrophy, or a trend toward it, 
is shown on the ECG reveal a more marked 
shortening of IIMo than do those cases in 
which ORS is normal on the ECG. Both 
these two abnormal findings seem related 
to a marked elevation of left auricular 
pressure. On the other hand, cases of 
mitral stenosis and regurgitation show a 
trend of marked shortening of IIMo even 
in the presence of normal findings on the 
ECG. This may be attributable to a specific 
elevation of left auricular pressure at the 
final stage of systole due to regurgitation, 
or attributable to an apparently normal 
ECG because of a mutual cancellation in 
the ECG of the influence of left and right 
ventricular hypertrophy. 

A study of the opening of the mitral 
valve made in comparison with the open- 
ing snap reveals that the latter seems to 
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begin in correspondence with the middle 
of the duration of the former (Mo) (Fig. 9). 

During the present study there was a 
II1Mo of 0.04 second in one case, and after 
commissurotomy it was 0.06 second. 

A trend in the shortening of IIMo is 
also observed in cases of congestive heart 
failure of other etiology. 

Here it must be added that in a case of 
mitral stenosis with right ventricular 
hypertrophy a delay in the opening of the 
tricuspid valve, i.e., a prolongation of the 
IITo to 0.10 second, was seen. 

Cases of auricular fibrillation tend to 
demonstrate the effects of auricular fibril- 
lation®!;* markedly. QMc is related to the 
preceding R-R. A general trend is that the 
shorter the latter, the longer the QMc; that 
is, the longer the preceding R-R, the more 
delayed is the closing of the mitral valve. 
Eliakim and others?’ stated the same 
opinion on the basis of heart catheteriza- 
tion. IIMo is not so much shortened in 
cases of auricular fibrillation. Its relation- 
ship with the preceding R-R is not clearly 
detected. However, it is likely that a 
markedly short preceding R-R is ac- 
companied by a more or less short IIMo. 

d. Kidney diseases: Cases of nephritis 
show a delayed opening of the mitral 
valve and a prolongation of isometric 
relaxation. Such abnormalities are gener- 
ally marked in cases of impaired renal 
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Fig. 10. Duration of isometric relaxation under various conditions. The white 
circles indicate cases in which the ECG was normal, and the black circles 
indicate cases in which myocardial change was shown in the ECG. 
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function. As shown in Fig. 10, even cases 
in which the ECG is normal demonstrate 
a prolongation of isometric relaxation. 
This seems significant in an early diag- 
nosis of myocardial involvement. Here it 
must be admitted that such prolongation 
is due to an early development of the 
second heart sound in a few cases. 

e. Dysfunction of thyroid gland: Ten 
cases of hyperthyroidism without myo- 
cardial change in the ECG showed no 
marked changes in the opening time of the 
mitral valve (Fig. 10). Five cases of hypo- 
thyroidism showed a IIMo duration of 
0.16, 0.13, 0.11, 0.10, and 0.08 second 
(Fig. 10); the fourth case (0.10 second) 
showed a Q-T prolongation, and in the 


Fig. 11. Findings in a case in which there was a markedly prolonged Q-T. Top: Low-frequency signal. Bottom: 
High-frequency signal (mitral valve). (M. Y., a 31-year-old man with angina necroticans.) 


other 4 cases there were ST-T changes. 
In the third case, edema disappeared after 
the administration of a thyroid preparation, 
the ECG returned to normal, and IIMo 
became 0.06 second. 

f. Liver disease: Of 20 cases of cirrhosis 
of the liver or chronic hepatitis, IIMo 
duration was 0.05-0.09 second in 11 cases, 
and 0.10-0.14 second in 9 cases (Fig. 10). 
Thus, an obvious prolongation is observed 
in about half of the cases studied. Of the 
latter 9 cases, the 4 cases which showed 
a IIMo of 0.10 second had the second 
heart sound appearing 0.04-0.08 second 
before the end of the T. It is understood 
that in these cases a prolongation of iso- 
metric relaxation is due to early develop- 
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ment of the closing of the semilunar valves 
rather than to a delay in the opening of the 
mitral valve in regard to the end of the T. 
The other 5 cases showed a IIMo of 
0.11-0.14 second and revealed mostly a 
delayed opening of the mitral valve. 

g. Cases with marked Q-T prolongation: 
It is interesting to note what changes in 
mechanical movements are found in cases 
which show a marked prolongation in an 
electrical phenomenon. Fig. 11 shows an 
example of the final stage of angina necrot- 
icans in which Q-T covers 0.81 second. 
The low-frequency Doppler signal which 
denotes the movements of the heart wall 
in contraction begins 0.07 second after 
the beginning of the QRS, and ends 0.34 
second after the beginning of the QRS 
(Fig. 11, top). Even that in relaxation ends 
nearly at the peak of the T. Thus it is 
suggested that in such cases there would 
be some parts of the myocardium in which 
repolarization is locally delayed because 
of marked myocardial damages. Hence, 
even when relaxation is almost finished 
in the greater part of the myocardium, a 
large abnormal T persists because of such 
localized delayed repolarization. 

The afore-mentioned case, as shown in 
Fig. 11, bottom, reveals an extremely earlier 
development of the opening of the mitral 
valve than the end of the T. 

In cases such as those of hypopotassemia 
in which the U wave appears superposed 
on the end of the T the opening of the 
mitral valve, as well as the second heart 
sound, appears earlier. 
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Fig. 12. Modes of time relationship between opening 
of the mitral valve, second heart sound, and the 
end of T. 1, A delayed opening of the mitral valve. 
2, An early development of the opening of the mitral 
valve. 3, An early development of the second heart 
sound, 4, Coexistence of J and 3. 5, Marked Hegglin 
syndrome. 


The correlationship in terms of time 
between the opening of the mitral valve, 
closing of the semilunar valves, and elec- 
trical events seems to be very much com- 
plicated. It is detailed as follows (Fig. 12): 
(1) delay in the opening of the mitral 
valve as found in coronary sclerosis, hyper- 
tensive heart, etc.; (2) early development 
of the opening of the mitral valve as found 
in mitral stenosis and congestive heart 
failure; (3) early development of the 
closing of the semilunar valves (second 
heart sound), i.e., Hegglin syndrome*®; 
(4) early development of the second heart 
sound, and delayed opening of the mitral 
valve; (5) severe cases of Hegglin syn- 
drome which show a markedly early de- 
velopment of the opening of the mitral 
valve. 


Table IV. Relationship between ECG and duration of isometric relaxation in cases of mitral 
stenosis or mitral stenosis and regurgitation (number of cases) 


IIMo (Second) 


0.04 0.05 


MS Cases with abnormal ECG 


(29 cases) Cases with normal ECG 


MSI Cases with abnormal ECG 


(18 cases) 


Cases with normal ECG 


MS: Mitral stenosis. MSI: Mitral stenosis and regurgitation. 


J, 

[—"s Je 
) 

) 
0.02 0.03 — | 0.06 0.07 0.08 
| 
| eel 3 9 4 1 | 5 0 0 
| ee 0 0 3 2 2 0 0 
: ee 2 2 1 2 2 0 0 
| | 2 0 2 0 3 1 1 
| 


74 Yoshida, et al. 


Table V. Time of valvular movements in 
cases of RBBB and cases of LBBB 


RBBB 


| Number, Average |Number| Average 
of (range: in | of (range: in 
cases seconds) cases | seconds) 


15 0.058 5 0.086 
 (0.04-0.09) (0.07-0.11) 


0.083 5 | 0.062 
(0.05-0.08) 


(0.07-0.10) 


QAo 0.122 | 5 | 
(0.10-0.14) | (0.16-0.20) 


QPo | 0.160 0.135 
| (0.14-0.17) (0.12-0.16) 

McAo 0.066 0.090 
(0.04-0.09) (0.05-0.12) 


0.082 0.070 
(0.07-0.09) | | (0.06-0.10) 


0.113 3 | 0.137 


IlaMo | 
| (0.06-0.13) | (0.13-0.14) 


IIpTo 0.103 | 0.115 


(0.08-0.12) | (0.10-0.13) 


It is understood that the conversion 
phase from ventricular contraction to 
relaxation is to be discussed in reference 
to: (1) its beginning, i.e., the time of de- 
velopment of the second heart sound, and 
(2) the duration of isometric relaxation. 

Suggested in regard to the determina- 
tion of the length of isometric relaxation 
are the conditions of the myocardium 
itself, such as are anticipated to be present 
in cases of myocardial changes, and pas- 
sive conditions, such as an_ increased 
atrioventricular-pressure difference which 
is considered in cases of mitral stenosis. 
It is assumed that the above-mentioned 
conditions may act simultaneously to 
determine the duration of isometric re- 
laxation. 

h. The time of valvular movements in 
bundle branch block: The time of move- 
ments of each valve was detected in several 
cases of bundle branch block by the ultra- 
sonic Doppler method. The result is shown 


in Table V. 
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Summary 


1. The ultrasonic Doppler method has 
been used to obtain information on the 
movements of the heart. 

2. The time of development of valvular 
movements is determined; a wide range 
of variation under various conditions is 
shown. 

3. In cases of coronary sclerosis, hyper- 
tension, etc., the opening of the mitral 
valve is delayed, revealing a prolonged 
duration of isometric relaxation. The ab- 
normalities develop prior to myocardial 
change in the ECG. 

4. In cases of mitral stenosis the closing 
of the mitral valve is delayed and the 
opening is quickened, showing the shorten- 
ing of isometric relaxation. 

5. In cases of mitral valvular disease 
with auricular fibrillation the shorter the 
preceding R-R, the more delayed is the 
closing of the mitral valve. 

6. Prolonged isometric relaxation de- 
velops even in cases of nephritis, hypo- 
thyroidism, liver disease, etc. 

7. The time relationship between the 
opening of the mitral valve, the closing of 
the semilunar valves, and the end of the 
T wave is referable to the following modes: 
(a) a delayed opening of the mitral valve; 
(b) early development of the opening of 
the mitral valve; (c) early development of 
the closing of the semilunar valves (Hegg- 
lin syndrome); (d) coexistence of (a) and 
(c); (e) early development of the opening 
of the mitral valve subsequent to early 
development of the closing of the semilunar 
valves in cases of marked Hegglin syn- 
drome. 
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The experimental induction of myocardial infarction 


A. L. Myasnikov, Ph.D. 

N. N. Kipschidze, M.D. 

E. I. Tchazov, M.D. 
Moscow, U.S.S.R. 


infarction may be in- 
duced experimentally by ligating 
one of the coronary arteries, or by emboli- 
zation of a coronary artery with a foreign 
material, such as liquapodium or glass 
beads. It is evident, however, that these 
methods do not correspond to the actual 
conditions under which myocardial in- 
farction occurs in man. In man, myo- 
cardial infarction generally develops as 
a result of arteriosclerotic changes in the 
wall of the coronary arteries. In addition, 
functional factors, such as myocardial 
stress, spasm of the coronary arteries, 
and biochemical changes, play a role in 
the pathogenesis of myocardial infarction. 

We have undertaken to produce experi- 
mental myocardial infarction in rabbits 
without resorting to the mechanical meth- 
ods generally utilized to obstruct the 
supply of blood to cardiac muscle. Instead, 
those factors were utilized which are 
generally considered to contribute to the 
development of myocardial infarction in 
man. 


Experimental method 


Coronary atherosclerosis was induced 
in rabbits by the administration of cho- 
lesterol in the diet for 6 months according 
to the method of Anichkov. These cho- 
lesterol-fed animals were subjected to 
additional factors which, from the clinical 
point of view, were considered to contribute 
to the development of myocardial infarc- 
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tion. These additional factors included 
myocardial stress, altered blood coagula- 
bility, and coronary arterial spasm. 

1. Twenty-two animals were made ar- 
teriosclerotic by feeding them cholesterol 
but were not subjected to any other in- 
fluences considered to produce myocardial 
infarction. 

2. Twenty-five cholesterol-fed animals 
were subjected to strenuous physical exer- 
tion so as to produce myocardial stress. 
Eight animals were subjected to the same 
physical stress but were not fed cholesterol. 

3. Fifteen animals which had been fed 
cholesterol for 120 days were given single 
small doses of thrombin intravenously. 
Each of 8 animals which had not been 
fed cholesterol received a single small 
dose of thrombin intravenously. 

4. To each of 10 healthy animals a single 
intravenous dose of Pituitrin alone was 
given, whereas an additional 21 healthy 
animals were given single doses of intra- 
venous Pituitrin and thrombin in combi- 
nation. 

5. Animals which had been fed cho- 
lesterol for 2 months were given single 
doses of Pituitrin and thrombin separately 
and in combination. 


Results 


Cholesterol feeding alone. None of the 
animals which were fed diets high in cho- 
lesterol, but which were not subjected to 
additional influences, developed acute myo- 
cardial infarction (Table I). These animals 
developed marked atherosclerosis of the 
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aorta and coronary vessels, but in spite 
of narrowing of the lumens of the coronary 
arteries, myocardial infarction did not 
occur. Only small areas of fibrosis were 
found in the myocardia, especially in the 
intramural branch of the left coronary 
artery (Figs. 1 and 2). 

Cholesterol feeding plus physical stress. 
Twenty-five cholesterol-fed animals were 
subjected to intensive physical exercise 
in order to impose a stress on the myo- 
cardium. The animals were made to run 
on a treadmill for 1 hour daily during the 
entire period of cholesterol feeding. Serial 
electrocardiograms showed progressive 
signs of coronary failure. In most of the 
animals, episodes of cardiac asthma de- 
veloped periodically and persisted to the 
end of the experiment. Some of the animals 
died in the fourth and fifth months, i.e., 
they did not survive the 6-month experi- 
mental period. At necropsy, large areas of 
myocardial necrosis (Fig. 3) and scarring 
(Fig. 4) secondary to arteriosclerotic 
changes were found in all of the animals. 
Inflammatory reaction in the perinecrotic 
areas, a characteristic of myocardial in- 


Table I 


Number of animals 
Number with myocardial 
Experimental of infarction 
conditions animals  (necrobiosis of 
heart muscle) 


1, Cholesterol feeding 

alone 
2. Cholesterol feeding 

plus physical stress 
Physical stress alone 

. Cholesterol feeding 
(120 days) and ad- 
ministration of throm- 
bin 
Administration of 
thrombin to healthy 
animals 

. Administration of 
Pituitrin to healthy 
animals 
Combined adminis- 
tration of Pituitrin 
and thrombin to 
healthy animals 

. Short-term cholesterol 
feeding (70 days) and 
combined administra- 
tion of Pituitrin and 
thrombin 


Experimental induction of myocardial infarction 77 


Fig. J. Cholesterol feeding only. Note that arterio- 
sclerotic plaques almost completely obliterate the 
lumens of the intramuscular branches of the left 
coronary artery (Sudan III). 


Fig. 2. Cholesterol feeding only. Note the connective 
tissue scars (myocardial fibrosis) in the anterior wall 
of the left ventricle (Mallory’s method), 


Fig. 3. Cholesterol feeding plus physical stress. Note 
the large focus of myocardial necrosis and the round 
cell infiltration in the perinecrotic area (hematox- 
ylin-eosin). 
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farction, was noted (Fig. 3). In several 
rabbits, aneurysm of the left ventricle 
had developed (Fig. 5). Thrombosis was 
not found in any animal. The areas of 
necrosis were distributed throughout the 
anterior, lateral, posterior, and _ septal 
walls of the left ventricle and in the papil- 
lary muscles. (See Fig. 6.) 

In the control group of 8 animals sub- 
jected to the same physical stress, but 
without cholesterol feeding, moderate left 
ventricular hypertrophy was noticed at 
necropsy, but no areas of necrosis were 
found in the myocardium in any of the 
animals (Table I). 

COMMENT. According to this data, physi- 
cal stress in the presence of coronary 
atherosclerosis is important in the patho- 
genesis of myocardial infarction. 


Fig. 4. Cholesterol feeding plus physical stress. Note 
the dense scar found in tissue removed from the 
posterior wall of the left ventricle (pycrofuchsin). 


Fig. 5. Cholesterol feeding plus physical stress, The 
section was taken from the wall of an aneurysm of 
the left ventricle (pycrofuchsin). 
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Fig. 6. Cholesterol feeding plus physical stress, 
Coronal section of the entire heart of an animal with 
multiple myocardial infarcts. The black areas repre- 
sent the sites of myocardial infarction. 


Fig. 7. Cholesterol feeding plus administration of 
thrombin. Electrocardiographic changes before and 
after the administration of a single dose of thrombin. 
Note the depression of the S-T segment in Leads I, 
II, and CRg,, and the elevation of the S-T segment 
in Lead III after thrombin was given. 


Cholesterol feeding plus administration of 
thrombin. Cholesterol-fed animals were 
administered a single small dose of throm- 
bin intravenously. The animals were given 
3-4 c.c. of thrombin (activity, 12 sec- 
onds*), a dose which in 8 healthy animals 
did not produce coronary thrombosis 
(Fig. 10, Table I). In the rabbits made 
arteriosclerotic by cholesterol feeding, such 
small doses of thrombin led to formation 
of thrombosis and myocardial infarction in 
10 of 15 animals (Figs. 7, 8, and 9). 

COMMENT. These experiments indicate 
that changes in the coagulability of blood 
play a definite role in the pathogenesis 
of myocardial infarction. 

*The activity of thrombin solution was determined according 

to the time which was necessary for clotting: 0.1 ml. 


oxalated blood by 0.1 ml. thrombin solution at 32° was 
clotted in 1 second. 
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Fig. 8. Cholesterol feeding plus thrombin. Note the 
thrombus obliterating one of the branches of the 
left descending coronary artery in the same animal 
whose electrocardiogram is shown in Fig. 7. (Objec- 
tive 20X, ocular 7X.) 


Fig. 9. Cholesterol feeding plus thrombin. The myo- 
cardial necrosis and lipoidosis of the blood vessels 
occurred after the administration of 3.0 c.c. of 
thrombin intravenously. (Objective 20X, ocular 7X.) 


Combined administration of Pituitrin and 
thrombin to healthy animals. In another 
group of animals the role of coronary 
spasm in the pathogenesis of myocardial 
infarction was studied. Pituitrin (and in 
8 experiments, barium chloride) was used 
to produce coronary arterial spasm. The 
intravenous administration of 0.3 to 0.5 
c.c. of Pituitrin did not produce any sig- 
nificant changes in the electrocardiograms 
of 10 healthy animals, and at necropsy 
no areas of necrosis were found in these 
animals. Additional experiments were car- 
ried out in which Pituitrin and thrombin 
were administered together to healthy 
animals. This was done in order to in- 
vestigate the possibility of producing 


acute coronary failure in the absence of 
coronary atherosclerosis under the in- 
fluence of two factors, namely, spasm 
and altered coagulability of the blood. 
The combined administration of Pituitrin 
and thrombin did result in electrocardio- 
graphic changes typical of an acute dis- 
turbance of the coronary circulation in 
17 of 21 animals (Fig. 10, Table I). At 
necropsy there were thrombi in the coro- 
nary vessels (Fig. 11), myocardial ischemia, 
and, in animals which lived long enough 
(3 to 5 days), histologic changes such as 
are seen in myocardial infarction (Fig. 12). 


Normal nocae numyumpuna 


Tort, 
an 


after thrombin after thrombin with Pituitrin 


Fig. 10. Combined administration of Pituitrin and 
thrombin to a healthy animal. Note that the admin- 
istration of thrombin alone resulted in essentially 
no changes in the electrocardiogram, whereas the 
administration of Pituitrin and thrombin in combi- 
nation resulted in electrocardiographic changes con- 
sistent with acute posterior myocardial infarction. 


Fig. 11. Combined administration of Pituitrin and 
thrombin to a healthy animal. Note the thrombus 
obliterating one of the branches of the left descend- 
ing coronary artery. The animal was given 4.0 c.c. 
of thrombin and 0.5 c.c. of Pituitrin intravenously. 
(Objective 20X, ocular 7.5X.) 
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COMMENT. These results indicate that 
coronary arterial spasm in association 
with altered coagulability of the blood 
can lead to the formation of thrombus 
and myocardial infarction without organic 
involvement of the arterial wall by arterio- 
sclerosis. 

Administration of thrombin and/or 
Pituitrin to slightly arteriosclerotic animals. 
The administration of thrombin or Pitui- 
trin alone to animals made slightly arterio- 
sclerotic by short-term cholesterol feeding 
(2 months) did not result in myocardial 
infarction. However, the combined ad- 
ministration of thrombin and Pituitrin 


Fig. 12. Combined administration of Pituitrin and 
thrombin to a healthy animal. Myocardial necrosis 
found at necropsy in an animal to whom 4.0 c.c. of 
thrombin and 0.5 c.c. of Pituitrin had been adminis- 
tered intravenously. 


Fig. 13. Combined administration of Pituitrin and 
thrombin to a slightly arteriosclerotic animal. Longi- 
tudinal section of coronary blood vessels. The lumen 
of the vessel on the right is obliterated by a throm- 
bus. The vessel on the left is patent. The animal was 
fed cholesterol for 35 days and received 3.0 c.c. of 
thrombin and 0.3 c.c. of Pituitrin intravenously. 


Fig. 14. Combined administration of Pituitrin and 
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thrombin to a slightly arteriosclerotic animal. Fresh 


specimen of the heart, showing a ventricular aneu- 
rysm. 


produced electrocardiographic and morpho- 
logic evidence of myocardial infarction 
(Fig. 13) and aneurysmal formation (Fig. 
14, Table I). 


Conclusions 


1. A method for inducing myocardial 
infarction which more closely approxi- 
mates the clinical conditions under which 
myocardial infarction develops in man 
has been described. 

2. It has been shown that atherosclerosis 
of the coronary arteries is the most signi- 
ficant but not the sole factor in the patho- 
genesis of myocardial infarction. 

3. The important role played by three 
additional factors in the development of 
myocardial infarction has been confirmed 
experimentally. These factors are: (a) myo- 
cardial stress, (b) altered coagulability of 
blood, and (c) spasm of the coronary 
arteries. 


J 
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Practical limitations of the Kety method 


for determining coronary blood flow 


Ivan E. Forte, M.S. 
Louis Potgieter, Ch.B. 

Jerry E. Schmitthenner, M.D.* 
Hunter Neal, M.D. 

J. H. Hafkenschiel, M.D. 
Philadelphia, Pa. 


ee ge years of experience on the part 
of one of us (J.H.H.) with the nitrous 
oxide method, using both manometric and 
infrared analyses of blood gas, has led us to 
the viewpoint expressed by Lord in an 
editorial earlier this year. This stressed the 
fact that the greatest need in the area of 
diagnostic studies in patients with coronary 
artery disease “is the. development of a 
precise test to measure coronary arterial 
blood flow in the human.” The lack of such 
a precise test seems to be an important 
limiting factor in the selection of patients 
for, and, hence, the survival rate of those 
undergoing, endarterectomy. Preliminary 
reports suggest that endarterectomy is one 
of the most promising surgical procedures 
for the alleviation of the disability of an- 
gina pectoris by increasing the flow of blood 
through the myocardium.? 

The complexity of the Kety-Van Slyke 
manometric method of analysis of nitrous 
oxide in the blood may have impeded its 
widespread utilization for determination of 


by infrared analysis of blood nitrous oxide 


regional flows.’ In particular, the approxi- 
mate 5 per cent error in analysis as de- 
scribed by Gregg‘ has raised the question 
whether this indirect method of nitrous 
oxide analysis for coronary blood flow 
measurements is now the best approach. 
In 1953, Lawther and Bates’ proposed a 
direct method of measuring nitrous oxide 
in blood, using infrared absorption. A re- 
cent summary of applications of the nitrous 
oxide method for determining coronary 
blood flow in man was presented by Rowe,® 
but no mention was made of the direct 
method of measuring nitrous oxide in blood 
by infrared analysis in this review. Bing’ 
did not discuss the accuracy to be expected 
with the manometric nitrous oxide blood 
gas analytical procedure in his ‘‘Determi- 
nation of Coronary Blood Flow,” and did 
not refer to the direct method of measuring 
nitrous oxide in blood by infrared absorp- 
tion. 

Preliminary to attempting development 
of a simpler method of measuring coronary 


With the assistance of A. Jane Williams, A.B., Toussef Shakashir, M.D., Robert Richards, M.D., and Cecilia Riegel, 


Ph.D. 


From the Division of Research, Lankenau Hospital, Philadelphia, Pa. 

This investigation was supported in part by a research grant (H1817) from the National Heart Institute, Public Health 
Service, and in part by grants from the Tobacco Industry Research Committee (QH17), and the Committee on 
Problems of Alcohol of the National Academy of Sciences—National Research Council (UV25), Ciba Pharmaceuti- 
cal Products, Inc., and the Heart Association of Southeastern Pennsylvania. 


Received for publication May 16, 1960. 


81 


*Postdoctoral Research Fellow of the National Heart Institute (HF6498) at Lankenau Hospital, 1956-1958. 


tJ. 
961 
und 
esh 
eu- 
10- 
on 
ig. 
ial 
Xi- 
ch 
an 
sis 
ni- 
10- 
“ee 

of 
ed 
JO- 

of 
ry 


82 Forie, Potgieter, Schmitthenner, Neal, and Hafkenschiel 


blood flow applicable to both intact animals 
and man, it was first necessary to have our 
team at Lankenau Hospital familiar with 
the limitations of the nitrous oxide mano- 
metric as well as the direct infrared analysis 
techniques. It was expected that the new 
method, using the radioactive isotope-dilu- 
tion principle, could be quantitated by 
comparison with nitrous oxide measure- 
ments of coronary blood flow made simul- 
taneously.’ This had been done when the 
indirect nitrous oxide method was cali- 
brated against simultaneous direct meas- 
urement of coronary blood flow by means 
of a bubble flow meter.® 

The present progress report details the 
experience of the Lankenau group with the 
infrared absorption technique from 1953 
through 1959, in making paired observa- 
tions of coronary blood flow on anesthetized 
but otherwise intact dogs, using the tech- 
niques of Eckenhoff and co-workers.°-" 
Particular attention is given to: (1) a com- 
parison of the precision of our measurement 
of the blood nitrous oxide concentration 
by means of the infrared absorption spectra 
of nitrous oxide with the precision acquired 
by analysts using the Van Slyke mano- 
metric technique, and (2) a comparison of 
our experience with the results reported by 
Foltz,!° using successive measurements of 
coronary blood flow in dogs under combina- 
tion anesthesia. 


Methods 


Our objective at Lankenau Hospital 
was to establish the reproducibility of an 
experimental design in which the same 
animals were tested repeatedly, using the 
combined anesthesia, morphine Dial-ure- 
thane pentobarbital (MDUP). Since our 
preliminary report’ in 1955, only minor 
changes have been made in the technique 
for measuring by infrared analysis blood 
nitrous oxide.* 


Results 


1. Measurement of nitrous oxide gas by 
infrared absorption. The technique was re- 
ported by Lawther and Bates.’ Before their 
paper was published, arrangements were 


*Details of the method have been mimeographed and are 
available by writing to the senior author. This summary 
includes the steps involved in performing the animal studies 
from anesthesia to long-term care by our veterinarian. 
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made with an American firm* to make 
available a unit which has been in more or 
less continuous use in our laboratory. 
Lawther and Bates had used an instrument 
manufactured in England. 

Our instrument has required some main- 
tenance and tuning. The constancy of the 
instrument was tested with calibrating 
mixtures. Of interest in relation to the 
reproducibility of the physical instrument 
is our observation that an unknown gas 
containing approximately 740 parts per 
million (p.p.m.) of nitrous oxide, measured 
on eleven different days between April, 
1955, and July, 1957, yielded readings 
varying between 723 and 756 p.p.m. when 
compared with a standard gas containing 
670 p.p.m. of nitrous oxide. 

2. Measurement of nitrous oxide in blood. 
The method used is essentially the same as 
that of Lawther and Bates.®° However, a 
dual extraction apparatus has been devised 
in order to save time in analyzing the pairs 
of arterial and coronary venous samples. 
The procedure used to get the nitrous oxide 
out of the blood and to pass as a gas 
through the infrared analyzer follows the 
steps described by Lawther and Bates. 

The results with this method, using hu- 
man blood in which two different concen- 
trations of nitrous oxide have been dis- 
solved, are shown in Table I. Two concen- 
trations were decided upon: 2.36 ml. per 
100 ml. of blood, which would be a small 
amount for either a human cerebral or 
coronary blood flow; and 7.65 ml., which 
would be a large amount. When our results 
are compared with those of Lawther and 
Bates (Table I), their analytical precision 
is not confirmed. The two co-workers in 
our laboratory have essentially the same 
degree of precision. 

3. Results of duplicate determinations of 
blood nitrous oxide gas when the nitrous oxide 
concentration is varied. Since there are slight 
differences between human and dog blood, 
we compared the per cent error of the 
analysts using the infrared technique in dog 
blood only with the results of the most ex- 
perienced Van Slyke manometric analyst 
in our laboratory. These observations are 


*The instrument used is the Model 15 Nitrous Oxide Analyzer 
made by the Liston Becker Division of Beckman Instru- 
ments, Inc. 
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Jable I. Infrared blood gas analyzer. Reproducibility of method of measuring nitrous oxide 


content of blood 


| | 
| Lawther and | 
| Bates, 1953 | 


Observers 


Lankenau #1, 1960 | Lankenau $2, 1960 


| 


4.36 
ml./100 ml. | 
4.34-4.38 


Mean of 20 determinations 
(ml. N2O per 100 ml. blood) 


Range | 
| 


Standard deviation of individual differences 0.012 


Coefficient of variation +0.274% 


7.31-7.82 2.18-2.44 | —7.32-7.70 


2.20-2.49 | 


+0.11 


1.4% 


+£0.07 


| 2.9% 


+0.07 


3.0% 


£0.08 
1.1% 


recorded in Table II, with the manometric 
analyses shown under Observer #4. 

This observer had “‘errors’’ which ranged 
from 18 to 2 per cent; “error’’ was defined 
as the standard deviation in volume per 
cent divided by the average range in vol- 
ume per cent, the smallest standard devi- 
ation being +0.09 volume per cent. Ken- 
nedy, using human blood, reports a stand- 
ard deviation of +0.009 volume per cent 
with the Kety modification and standard 
deviation of +0.025 volume per cent with 
his micromethod. 

Three different observers used the infra- 
red analysis method, and all three had the 
same standard deviation (i.e., +0.20 to 
0.25 volume per cent) over the range 
tested. This standard deviation compared 
favorably with the manometric technique 
in our laboratory, the over-all per cent 
error being 4-5 per cent for both methods. 
The time saved through the use of the infra- 
red method has been approximately 25 to 
33 per cent. 

4. Errors involved in determining the 
arteriovenous differences of blood nitrous 
oxide concentrations in applying the de- 
saturation method of measuring coronary 
blood flow. The purpose of this analysis was 
to compare our data with those reported 
by Gregg: “‘In the nitrous oxide procedure, 
the technical error in determining the ni- 
trous oxide arteriovenous difference can be 
judged from the fact that the average dif- 
ference of duplicate nitrous oxide analyses 
for the 120 pairs was 0.030 volumes per 
cent, the maximum difference being 0.065 
volumes per cent. Such differences can 
possibly introduce an error approximating 


5 per cent, since the mean nitrous oxide 
arteriovenous difference during a test run 
varied in different experiments from 0.55 
to 1.5 volumes per cent, with an average 
difference of 0.8 volumes per cent.”’ 

In order to analyze our data for com- 
parison in the same flow range as Gregg, 
i.e., 40 to 150 c.c., we graphed the twenty- 
one coronary blood flow curves determined 
by infrared arteriovenous nitrous oxide 
differences within the range of 40 to 150 
c.c./100 Gm./minute, and twelve resulting 
from a Van Slyke manometric analysis of 
blood gas. All data were derived from ob- 
servations of coronary blood flow made in 
the dogs under morphine Dial-urethane 
pentobarbital anesthesia (MDUP) in con- 
trol studies. 

The average arterial nitrous oxide (NO) 
concentrations for 1, 2, 4, 6, 8, and 10 
minutes of the desaturation curves were 
plotted along with the same points on the - 
coronary venous curves giving average 
arteriovenous values. These values are 
shown in Table III. 

The standard deviation given is that of 
the infrared analysis or manometric tech- 
nique in the various ranges of blood N:O 
in cubic centimeters per 100 c.c. blood. The 
per cent error is the standard deviation 
divided by the average arteriovenous 
value.!® This table shows that the percent- 
age error tends to increase, reaching the 
greatest level at the tenth minute. Since 
the coronary blood flow value is heavily 
weighted by the denominator, which is the 
integrated arteriovenous difference, the 
precision of the analytical method is of 
practical importance. 
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Table 11. Results of duplicate determinations of dog blood with varying concentrations of nitrous 


oxide 
Observer #1 | Observer #2 | Observer #3 Observer #4 
Range | Number of Number of | Number of Number of 
(ml./ | duplicate Per | duplicate Per | duplicate Per | duplicate Per 
100 ml.| observa- | S.D. | cent | observa- | S.D. | cent | observa- | S.D. | cent | observa- | S.D. | cent 
blood) tions error* tions error tions error tions error 
0-1 3 0.12 24 4 0.06 12 2 — | — 7 0.09 18 
1-2 27 0.20 13 15 0.25 17 10 0.05 3 26 0.23 15 
2-3 28 0.22 9 11 0.23 12 0.10 4 17 0.38 15 
3-4 7 0.31 9 5 0.28 5 0.12 3 12 0.22 6 
4-5 12 0.09 2 7 0.15 3 0.30 6 33 0.14 3 
5-6 13 0.37 7 37 0.31 1 — |i — 45 0.13 2 
6-7 53 0.27 4 52 0.23 16 0.27 4 6 0.20 3 
7-8 59 0.25 3 15 0.19 57 0.17 2 1 —|i— 
8-9 1 —. 1 — — 
Total | | | | | | 
range 
0-10} 203 |0.25} | 146 | 0.25 108 0.20} 4 | 147 |0.20| 4 


Standard deviation in volume per cent 


*Per cent error: 
Average range in volume per cent 


tThese determinations were made using Kety’s modification of the Orcutt-Waters method using the Van Slyke manometric apparatus. 


5. Measurements of coronary blood flow in 
anesthetized dogs. 

A. FIRST STUDIES COMPLETED IN 53 DIF- 
FERENT EXPERIMENTS ON 14 pDoGs. Foltz and 
co-workers,!® in 1950, had reported that, 
depending upon the anesthesia used (pento- 
barbital or MDUP), quite different levels 
of cardiac activity were obtained: ‘Both 
anesthetic agents show rather wide stand- 
ard deviations for the population, which 
we have interpreted as indicative of rather 
wide biological variation between animals, 
but which also represent undoubtedly a 
considerable variation in response to anes- 
thesia.”’ 

Because repeat measurements of coro- 
nary blood flow in human beings at later 
times are unlikely, and because our appli- 
cation of the method permitted recovery 
of an animal after the study, we decided to 
extend the Foltz investigation by making 
successive observations on a lesser number 
of dogs. The purpose was to determine how 
reproducible our measurements of the 
levels of coronary flow might be, using 
infrared analysis of blood nitrous oxide, 
with simultaneous measurements of cardiac 
oxygen metabolism, cardiac rate and work. 


The results are summarized in Table IV. 
Under the combination anesthesia 
(MDUP)* the mean flow values were 91 
c.c., standard deviation +33, and coef- 
ficient of variation +36 per cent. The flow 
values measured under the combination 
anesthesia are essentially the same as re- 
ported by Foltz and associates!’ (Table 
III). We observed slightly higher levels of 
coronary flow, cardiac arteriovenous oxy- 
gen extraction, and cardiac work. When 
MDUP anesthesia was used, the mean 
cardiac rate was 74, with a standard devi- 
ation of +25, and when pentobarbital was 
used, it was 162, with a standard deviation 


*The technique is as follows: The total dose of morphine is 
3.0 mg. per kilogram. Two thirds of the initial dose is given 
subcutaneously 45 minutes before the intravenous injection. 
This consists of equal parts by volume of pentobarbital 
(65 mg./c.c.) and the Dial-urethane mixture, the total 
being 0.30 c.c. per kilogram, i.e., 0.15 c.c. of pentobarbital 
and 0.15 c.c. of Dial-urethane. This is supplied by Ciba 
Pharmaceutical Products, Inc. About 1 to 1% hours 
after the intravenous dose, the animal having been operated 
upon and the catheters placed properly, 1/6 of the total 
dose is given intramuscularly 30 minutes before the infusion 
of saline for the first measurement of coronary blood flow 
and cardiac output. Just after this study is completed, and 
approximately 30 minutes before observation #2, a com- 
parable dose of morphine is given again intramuscularly. 
This is usually 20 minutes before any drug stimulus 1s 
introduced. 


= 
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of +19. The most striking difference was a 
standard deviation in coronary flow values 
three times that reported by Foltz in his 
pentobarbital series. This shows that in a 
group of 6 dogs with 28 different observa- 
tions, as compared to Foltz’ observations 
(19) in 19 dogs, we have observed similarly 
“rather wide biological variation.’’ Thus, 
we have confirmed Foltz’ observations, by 
means of another method of quantitating 
the nitrous oxide in blood, that coronary 
blood flow and cardiac oxygen uptake are 
greater under pentobarbital anesthesia, 
the heart rate being more than twice as 
rapid. 

B. COMPARISON OF MEAN VALUES FOR 37 
CORONARY BLOOD FLOW OBSERVATIONS IN 
SAME DOGS AFTER SHORT AND LONG INTER- 
vAL. This analysis was made in an attempt 
to discover whether the variation in coro- 
nary blood flow and cardiac oxygen con- 
sumption was due to ‘wide biological 
variation between animals’’!® or to some 
factor inherent in the lability of coronary 
blood flow. These observations were car- 
ried out in fewer dogs. All observations 
made under the same anesthesia, when a 
drug was not being studied, were compared. 
The data are presented in Table V and 
show the mean values of the first run com- 
pared with the mean values of the second 
run in the 8 dogs (37 comparisons) under 
the combination anesthesia. Under this 
(MDUP) anesthesia the variation in coro- 
nary blood flow at four-week intervals was 
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essentially the same as that recorded when 
the observations were repeated after 30 to 
40 minutes. 


We conclude that in our laboratory the 
infrared analytical technique is not so pre- 
cise as that reported by Lawther and Bates, 
and does not approach the rigorous require- 
ments for manometric analysis set up by 
Kety*® and met by Gregg.‘ However, this 
method does save 25 to 33 per cent of time 
as compared with the manometric tech- 
nique, and the “per cent error” is about the 
same as that of the most experienced Van 
Slyke analyst in our laboratory. The per- 
centage figure above for reduced analytical 
time included the time required for another 
blood gas analysis if a single one of the five 
paired nitrous oxide blood concentrations 
did not fall on a smooth curve drawn for 
the flow, thus requiring a recheck.* 

The most obvious factor other than bio- 
logical variation which might be causally 
related to the large percentage coefficient 
of variation in coronary blood flow meas- 
urements using nitrous oxide is the blood 
gas analytical method. Our results are 
interpreted as indicating that the infrared 
analytical method must be further im- 
proved in order to reduce the technical 
error recorded here in determining the ni- 
trous oxide arteriovenous oxygen differ- 
ence. It would seem that this is a twofold 
problem, requiring greater skill on the part 


Table III. Average arteriovenous differences of nitrous oxide during 10-minute period of desatura- 


tion 


Morphine Dial-urethane pentobarbital anesthesia 


Van Slyke manometric analysis 


Infrared analysis 


12 Coronary flows (40-150 c.c./100 Gm./min.) 


21 Coronary flows (40-150 c.c./100 Gm./min.) 


Average A-V S.D. Per cent error* | Average A-V S.D. Per cent error 
First min. 1.70 0.20 11.8 1.76 0.26 14.8 
Second min. 1.54 0.24 15.6 1.59 0.23 14.5 
Fourth min. 0.80 0.28 35.0 0.90 0.20 22.2 
Sixth min. 0.39 0.21 53.9 0.50 0.19 38.0 
Eighth min. 0.24 0.21 87.6 0.29 0.17 58.6 
Tenth min. 0.14 0.09 64.3 0.11 0.17 155 


Average A-V: c.c.N20/100 c.c. blood. 
Standard deviation is that of the method of analysis in the various ranges of blood N¢2O in c.c./100 c.c. blood. 
Per cent error: S. D. divided by average A-V. 
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Table 1V. First studies completed in 53 dif- 
ferent experiments on 14 dogs weighing from 
26 to 48 kilograms 


Coronary blood flow (c.c./100 Gm./min.) 


| 


| Per cent 
| Mean coefficient 
| of variation 


Pentobarbital anesthesia* 175 | 73 | 42 
Morphine Dial-urethane 
pentobarbital anesthesiaf| 91 | 33 | 36 


*28 different experiments on 6 dogs. 
+25 different experiments on 8 dogs. 
S.D.: Standard deviation of the individual differences from the 


mean difference. 

Per cent coefficient of variation The ratio of the standard 
deviation of the individual difference to the initial mean 
value of the parameter. 


Table V. Comparison of mean values for 37 
coronary blood flow observations in same 
dogs after short and long interval 


Coronary blood flow (c.c./100 Gm./min.) 


| Observation | | 
| period | | Per cent 
\coefficient 
1 | 2 | ences | variation 
Morphine Dial-ure- | | | 
thane (30-40 min.) | 94 | 90 | 25 26 
Pentobarbital anes- | 
thesia (4 weeks) | 86 76 27 31 


S.D. difference: Standard deviation of the individual differences 
from the mean difference. 

Per cent coefficient of variation: The ratio of the standard 
deviation of the individual difference to the initial mean 
value of the parameter. 


of the analyst and better instrumentation, 
so that the results reported by Lawther and 
Bates (Table I)' might be approached in 
this hemisphere. 

Even though analytical precision is im- 
proved, spurious and erroneous results may 
develop when the nitrous oxide method is 
used for measuring regional blood flow in 
biological systems, as pointed out by Sapir- 
stein.'? With infrared analysis, no experi- 
ments had to be discarded either because 
of failure to obtain smooth curves or be- 
cause the final arteriovenous nitrous oxide 
difference was greater than 0.3 volume per 
cent, the level above which most workers 
agree that discard is indicated. During the 
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period covered in this report, only three 
flows, involving the manometric technique 
of nitrous oxide analysis, were discarded. 

From this survey of the precision of our 
analytical methods, and from the negative 
results obtained from the application of the 
radioisotope-dilution technique developed 
in this laboratory,’ it is evident that there 
is still need for devising a simpler method 
of measuring coronary blood flow in ani- 
mals; and Bing and associates!® have re- 
cently reached the same conclusion with 
reference to human beings. 


Summary 


This report provides data bearing on 
inconstancies and, perhaps, inaccuracies 
which are present when the nitrous oxide 
method is applied in the measurement of 
regional blood flows, such as coronary 
blood flow. 

The manometric technique used for 
eight years in a study of both cerebral and 
coronary blood flow was replaced by infra- 
red nitrous oxide blood gas analysis during 
the past seven years. The limitations of 
this method are categorized under these 
headings: (1) measurement of nitrous oxide 
gas by infrared absorption; (2) measure- 
ment of nitrous oxide gas in blood; (3) re- 
sults of duplicate determinations of blood 
nitrous oxide gas at a low and a high blood 
nitrous oxide concentration; (4) errors 
involved in determining the arteriovenous 
differences of blood nitrous oxide concen- 
trations; and (5) applications of the Kety 
nitrous oxide desaturation method to meas- 
urements of coronary blood flow in anes- 
thetized intact dogs on successive occasions. 

We conclude (1) that the blood analytical 
technique using the principle of infrared 
absorption is practical, time saving, and 
comparable in precision to the manometric 
method, and (2) that during steady states 
the Kety nitrous oxide test is quantitative 
and reproducible, and, at the present time, 
is the best method of measurement of 
coronary blood flow in intact animals. 
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Hemodynamic responses 


to administration of mephentermine 
in normotensive and hypotensive dogs 


A. W. Horsley, M.D.* 
John W. Eckstein, M.D.** 
Iowa City, Iowa 


sulfatef is used effec- 
tively in the treatmie it of hypo- 
tension.'** There is confusion, however, 
concerning the mechanism by which the 
drug restores arterial pressure. In acute 
hypotension secondary to section of the 
spinal cord, sympathectomy, ganglionic 
blockade, and in the use of certain anes- 
thetic agents, there may be loss of veno- 
motor tone and pooling of blood in the 
periphery of the body.‘ This reduces venous 
return and leads to a fall in cardiac output. 
The decreased cardiac output rather than 
a loss of arteriolar tone appears to be the 
major cause of the hypotension.’ It might 
be desirable to restore perfusion pressure 
in such cases by using a vasopressor drug 
which increases venous tone and cardiac 
output, rather than one which produces 
severe arteriolar constriction. Mephenter- 
mine is of interest because it has been 
reported by some®’? to have little effect 
on peripheral resistance. 

Brofman and _ co-workers’ found no 
change in cardiac output in dogs or man 
after the administration of mephentermine, 


even though arterial pressure increased. 
They attributed the increased pressure to 
increased peripheral resistance, Others*’ 
report that the drug has little effect on 
peripheral resistance, but that it increases 
the force of myocardial contraction. Be- 
cause of these conflicting ideas, we re- 
examined the hemodynamic effects of 
mephentermine in dogs. 


Methods 


The experiments were done on intact 
mongrel dogs. The 6 animals in Group I 
were anesthetized lightly with thiopental 
sodium, treated with gallamine triethio- 
dide,t intubated and ventilated with a fixed- 
volume respirator. End-expiratory concen- 
tration of carbon dioxide was monitored 
continuously with a Liston-Becker carbon- 
dioxide analyzer. Ventilation was adjusted 
initially so that end-expiratory concentra- 
tion of carbon dioxide was about 4 per cent. 
Repeated doses of gallamine were given at 
30-minute intervals in order to maintain 
relaxation of skeletal muscle. The dogs of 
Group II were prepared in the same way, 
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but, in addition, they were made hypo- 
tensive with intravenous injections of 100 
mg. of hexamethonium. Three dogs in 
Group I were included in this group. They 
were made hypotensive after a 30-minute 
recovery period which followed the ad- 
ministration of mephentermine. The other 
3 dogs were prepared as described, and 
ganglionic blockade was induced without 
prior administration of mephentermine. 
The dogs of Group III were anesthetized 
with intravenous pentobarbital sodium, 30 
mg. per kilogram. These animals were not 
ventilated artificially. No effort was made 
to control their end-expiratory CO, ten- 
sion or arterial oxygen saturation. The 
dogs of Group IV were the same animals 
used in Group III. Hexamethonium was 
administered to these after a 30-minute 
recovery period. 

Two catheters were inserted through 
an external jugular vein. The tips were 
placed at the junction of the superior vena 
cava and right atrium. Needles were placed 
in the left carotid and femoral arteries and 
in the femoral vein. Cardiac output was 
measured by the indicator-dilution method 
with injections of indocyanine green dye 
into the right atrium. Dyed blood was 
drawn from a carotid artery through a 
Gilford densitometer, and time-concentra- 
tion curves were recorded with a Sanborn 
direct-writing oscillograph. The blood was 
returned to the animal after each with- 
drawal by reversing the motor on the pump. 
Loss of blood was negligible except for the 
50 ml. taken at the beginning of the experi- 
ment to calibrate the densitometer. Femoral 
arterial and right atrial pressures were 
recorded continuously by means of Statham 
strain gauges. 

About one hour was required to set up 
the experiment after the animal was an- 
esthetized. This was ample time for disap- 
pearance of the effects of thiopental in 
the animals of Groups I and II. Several 
dye curves were obtained during the next 
15 to 30 minutes in order to establish con- 
trol values. Mephentermine sulfate, 0.3 to 
0.6 mg. per kilogram in 3 to 5 ml. of normal 
saline, was then injected into the femoral 
vein. Dye curves were obtained when ar- 
terial pressure became stable after having 
reached its maximal level. Curves were 
obtained in some animals at irregular in- 
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tervals for 30 minutes after the injection of 
mephentermine. 

Cardiac output was calculated according 
to the method of Hamilton.* Mean blood 
pressures were obtained by electrical inte- 
gration of the output of the strain gauges. 
Peripheral resistance was determined by 
dividing the difference between mean ar- 
terial and right atrial pressures by cardiac 
output. The results are expressed in arbi- 
trary units. Heart rate was determined by 
counting arterial pulses at the time of 
inscription of the dye curves. The data 
were analyzed according to methods de- 
scribed by Fisher.°® 


Results 


The data from 22 experiments performed 
on 14 dogs are summarized in Table I. 
The data are grouped according to the 
control state of the animals. The responses 
to mephentermine in the different groups 
cannot be compared quantitatively, how- 
ever, because of the differences in the dose 
of the drug. 

An increase in arterial pressure was noted 
in each dog after rapid intravenous injec- 
tion of the mephentermine. The increase 
appeared within 1 minute after the injec- 
tion, and the peak response occurred in 
2 to 4 minutes. The return of the pressure 
to control levels took place gradually over 
a period of 20 to 30 minutes. There was a 
tendency for mean right atrial pressure to 
increase in each group, but the changes were 
small and not considered to be significant. 

Cardiac output increased in each of the 
22 experiments regardless of the control 
state of the animal before the administra- 
tion of mephentermine. In 8 dogs the car- 
diac output was measured 1 minute after 
the injection. It was found to be unchanged 
in 5 of them even though arterial pressure 
had increased appreciably in all 8. This 
observation suggests that the drug causes 
an increase in arteriolar tone before the 
heart increases its output. The increased 
output appeared soon after the initial in- 
crease in arteriolar tone and persisted for 
about 30 minutes. The stroke volume in- 
creased in 20 of the 22 experiments. The 
relatively low control values in Groups I 
and II may be attributed to the tachycardia 
secondary to the selective vagolytic action 
of the gallamine. Changes in heart rate were 
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variable and not significant in most groups. 
Calculated peripheral resistance in- 
creased in 18 of the 22 experiments. 


Mephentermine has been reported to 
increase the force of myocardial contrac- 
tion.*!°" Recent evidence indicates that 
this is an indirect effect produced by the 
release of catecholamines." We found that 
the drug causes peripheral venous constric- 
tion and a shift of blood from the peripheral 
vessels in man.” If it causes blood to be 
“pushed” centrally, and if it also increases 
the force of myocardial contraction, it 
might be expected to increase cardiac out- 
put. An increased output was observed 
regularly in these experiments. 

The increase in peripheral resistance seen 
in most of the dogs indicates that mephen- 
termine caused a decrease in the caliber 
of the arterioles. A decrease in caliber in 
the face of an increase in arteriolar distend- 
ing pressure and blood flow could be caused 
only by an increase in arteriolar tone. We 
cannot evaluate the degree of increased 
arteriolar tone from these studies, but 
Borden and Haddy™ found that mephen- 
termine caused less arteriolar constriction 
in the forelimb of dogs than did norepineph- 
rine or metaraminol. Regardless of the 
magnitude of the arteriolar response it ap- 
pears that mephentermine may elevate ar- 
terial pressure by increasing both cardiac 
output and peripheral resistance. 


Summary 


The hemodynamic responses to mephen- 
termine were studied in dogs anesthetized 
with pentobarbital and in those treated 
with gallamine. Observations were made 
in normotensive animals and in animals 
made hypotensive by intravenous hexa- 
methonium. 

Mephentermine regularly caused an in- 
crease in cardiac output and arterial pres- 
sure regardless of the control state of the 
animal. Calculated peripheral resistance in- 
creased in 18 of the 22 experiments. 
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In this study, mephentermine raised the 
level of arterial pressure by increasing both 
cardiac output and peripheral resistance. 
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bgp therapy has been used for 
the lysis of large thrombi of arterial 
or venous origin in many experimental and 
clinical situations, including myocardial 
infarction in man. This type of therapy of 
coronary occlusion and myocardial infarc- 
tion seems logical, but two serious theoreti- 
cal objections must be considered. First, 
even under ideal circumstances an average 
of 3 to 6 hours is necessary for the lysis of 
thrombi,’ a period considered to be too 
long to protect against the tissue break- 
down which is said to be inevitable after 
myocardial ischemia of only 30 to 45 min- 
utes’ duration.':? Second, in at least 40 per 
cent of the patients who die of ‘“‘coronary 
thrombosis and myocardial infarction,” 
fresh coronary thrombi cannot be demon- 
strated at autopsy,!° and there would thus 
be no obvious therapeutic target for clot- 
dissolving agents. 

The evidence for such short-lived myo- 
cardial viability is based upon many studies 
in which no attempts had been made to 


experimental coronary occlusion 
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alter either the coagulability of the myo- 
cardial blood supply or the metabolic state 
of the myocardium during this period of 
deprivation. Necrosis appeared to be in- 
evitable after ischemia in excess of 30 
minutes in these studies. 

The myocardium may resist anoxia for 
more than 2 hours without irreversible 
effects on its function when the coronary 
system is perfused with heparin or during 
hypothermia.’ Myocardial excitability, 
energy production, and energy utilization 
deteriorate at different rates during anoxia, 
indicating gradations of resistance of bio- 
chemical and biophysical processes of the 
heart to ischemia.® An isolated myocardial 
fiber can continue to utilize nutriment, 
contract and relax, and perform work after 
6 months in proper nutrient media.* These 
are but a few of the factors that must be 
studied before we can define the final limits 
of myocardial viability. The heart may ac- 
tually function under conditions previously 
considered inimical to its integrity. 
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Fig. 1. Technique of temporary coronary artery 
occlusion. 


In our previous experiments, we noted a 
profound alteration in the early micro- 
pathology of the heart after fibrinolytic 
treatment of experimental coronary 
thrombi.’ The large thrombi in the major 
coronary artery were consistently lysed. 
At the same time, minute fibrin thrombi 
in the microcirculation (arterioles, capil- 
laries, and venules), and interstitial col- 
lections of edematous fluid which appar- 
ently was rich in protein were noted in the 
control dog hearts but were absent in the 
fibrinolytic-treated animals. Deposition of 
epicardial fibrin and vascular congestion 
were also significantly reduced in fibrino- 
lytic-treated dogs. We postulated that this 
‘“‘microblockade”’ during initial phases of 
infarction might contribute to the “irre- 
versible’”’ damage of these marginal zones, 
and that the fibrinolytic dissolution of this 
blockade could salvage these areas. We 
felt that it was necessary to determine 
whether this fibrinolytic treatment could 
extend the viability of the myocardium for 
prolonged periods of time. 

The present series of experiments was 
designed to study whether fibrinolytic 
enzymes could exert an important effect 
upon myocardial viability apart from their 
gross clot-dissolving action as suggested by 
our previous study. Infarcts were produced 
as uniformly as possible by occluding the 
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left anterior coronary artery immediately 
distal to its first side branch for a standard 
period of time and assessing the end result 
of enzyme treatment by comparing the size 
and structure of infarcts in a treated and 
a control group. Extension of viability 
would thus be reflected in a reduction in 
the size of infarcts, whereas deleterious 
effects should be manifested by larger areas 
of necrosis. The structural alterations were 
analyzed in finer detail by microscopic 
study. 


Methods 


Mongrel dogs were anesthetized with 
intravenous sodium pentobarbital, and 
intubated. Artificial respiration was main- 
tained with ambient air through a Harvard 
respirator. Under aseptic technique the 
thorax was entered through the fourth left 
intercostal space. The left anterior de- 
scending coronary artery was dissected 
and then occluded by a vascular clamp 
immediately below its first side branch. 
(The anatomy of this region was remark- 
ably constant, allowing consistent levels 
of ligation.) Braided No. O silk or monofila- 
ment nylon string was tied to the clamp 
and led through a distant intercostal space 
through the chest wall. The chest was then 
closed. After 3 hours the string was firmly 
pulled taut, removing the occluding clamp 
from the artery (Fig. 1). 

The animals were divided into control 
and treated groups at random. In the 
treated group a continuous infusion of 
fibrinolysin* was initiated 2 hours after 
coronary artery occlusion and continued 
for a total of 5 hours (1 hour before, and 4 
hours after, removal of the clamp). In all 
animals, specimens of blood were tested for 
fibrinolytic activity by the euglobulin 
method® before operation, at the time of 
removal of the clamp, during and at the 
termination of the infusion, and then daily 
until autopsy. 

The dogs were autopsied at intervals up 
to 21 days. Before autopsy they were hepar- 
*Mixture of crude human plasminogen (Merck, Sharp & 

Dohme, Lot No. 1108-86N), 10,000 Christensen units 

per hour after activation by stredtokinase, and of crude 

human plasminogen (Ortho), 80,009 units per hour after 
activation with Varidase (Lederle—streptokinase and 
streptodornase), 2,500 units per hour. Theoretically, this 
mixture produced varying fibrinolytic and proteolytic 


activity due to the formation of plasminogen-activator, 
human plasmin and canine plasmin of intense degree. 
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inized and sacrificed by the injection of 20 
to 50 c.c. of sodium pentobarbital intra- 
venously. The hearts were removed gently 
so as not to dislodge any thrombi, and the 
position of the vascular clamp was identi- 
fied within the chest. The coronary arteries 
were then carefully dissected and opened to 
verify their patency. The hearts were finally 
transected serially from base to apex at 
intervals of 1 cm., starting immediately 
below the site of previous coronary artery 
occlusion. The areas of infarction were 
identified in the gross, fresh specimens and 
measured in each transection of the speci- 
men as accurately as possible. Histologic 
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Fig. 2. Transverse section of entire heart, illustrating 
region of infarction. 
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Fig. 3. Gross extent of myocardial infarction. Open 
circles = controls; solid circles = treated animals, 
euglobulin lysis times shorter than 1 hour; shaded 
circles = treated animals, euglobulin lysis times 
1 to 2 hours; and solid circles with crosses = treated 
animals, hemorrhagic death. Note the preponderance 
in the control animals of infarction in the large, 
confluent, transmural group, contrasted with the 
infarcts in more distal and subendocardial regions 
in the treated animals. 
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sections were obtained from the central 
and marginal zones of the infarcted area 
and the presumably normal posterior wall 
of the left ventricle at the same level of 
transection (Fig. 2). One of us (C.B.) an- 
alyzed all histologic sections in detail with- 
out knowledge of whether the animal had 
received treatment. 


Results 


Fifty-two animals were operated upon. 
Ten were eliminated because they died 
acutely within 14 hour after occlusion with 
the clamp still in place and thus could not 
be regarded either as control or treated 
animals. Evaluation of the experimental 
data demonstrated that the therapeutic 
effect was closely related to the circulating 
fibrinolytic activity. The degree of fibrino- 
lytic activity in the treated group of 26 
animals showed a marked variation despite 
constancy of dosage and duration of plas- 
min treatment. The fibrinolytic activity 
(lysis time of a standard fibrin clot) was 
less than 1 hour in 15, 1 to 2 hours in 5, 
and more than 2 hours in 6 animals. All 
16 control animals showed lysis times of 
more than 5 hours, i.e., little evidence of 
spontaneous lysis. Infarcts equal in size to 
those of the control animals were seen in 
all of the 6 animals in which the lysis times 
were longer than 2 hours. 

This variability of response of the euglob- 
ulin lysis time to the standard dose of 
fibrinolysin was expected, since no con- 
sideration was made of variations in the 
weights of the dogs, the levels of circulat- 
ing inhibitor, etc. In subsequent experi- 
ments, we are now employing a modifica- 
tion, an in vitro dose prediction method,” 
and are able to accurately produce con- 
sistent levels of circulating fibrinolytic 
activity. 

Gross extent of infarction. Fig. 3 demon- 
strates the diminution in extent of myo- 
cardial infarction after fibrinolytic therapy. 
A significant alteration in location of the 
infarcts is seen: the areas of infarction in 
the treated animals tending to be spotty. 
located in the more distal apical portions, 
and subendocardial rather than large, con- 
fluent, and transmural. Eleven of 16 con- 
trol animals showed extensive confluent 
transmural infarcts. Somewhat smaller in- 
farcts in 4 of the other animals were in 
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Fig. 4A. Large, confluent, transmural infarction 
(control). 


infarcts that were 7 days old or older, a 
length of time in which shrinkage from the 
contraction of fibrous replacement tissue 
would be expected. 

Those animals in which the lysis times 
were 1 hour or less had the smallest in- 
farcts. The extent of infarction in animals 
in which the lysis times were between 1 and 
2 hours was intermediate between that in 
the control and that in the “‘ideally”’ treated 
groups. 

Six treated animals died from extensive 
hemorrhage into the chest (black circles 
with white crosses in Fig. 3), 3 within 12 to 
24 hours, 2 within 48 hours, and 1 in 72 
hours. The 3 animals which died within 12 
hours do not constitute a valid group for 
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determining gross extent of infarction since 
such early infarction does not lend itself to 
accurate measurement. These treated ani- 
mals died from an oozing into the chest 
cavity from the surgical wound as a result 
of the treatment. 

This increased mortality was not un- 
expected in the treated group despite metic- 
ulous attempts at hemostasis, but was not 
due to infarction per se and fortunately 
would find no analogy in a clinical situa- 
tion. Many animals were rendered afibrino- 
genemic as a result of the intense induced 
fibrinolysis and proteolysis. 

Fig. 4A shows a typical large, confluent, 
transmural infarct in a control animal 3 
days old, and this is in contrast to a small, 
spotty, subendocardial infarct in a treated 
animal, shown in Fig. 4B. At the time of 
release of the clamp the euglobulin lysis 
time was 26 minutes in the treated animal. 
This diminution in the size of the infarct 
was the most favorable result in the treated 
group. 

The typical microscopic findings in an 
untreated heart are seen in Figs. 5A and 
5B. Fibrin thrombi in minute vessels, con- 
fluent necrosis of the myocardium, and in- 
terstitial protein-rich edema are evident. In 
contrast, Figs. 6A and 6B demonstrate the 
pattern in a treated animal. Microthrombi 
are absent, the myocardial damage is focal 
rather than confluent, and there is negligi- 
ble interstitial edema. Myocardial rupture 
did not occur as a result of fibrinolytic 
therapy, nor was there an increased inci- 
dence of intramyocardial hemorrhage in 
the treated group. In addition, no other 
deleterious effects of the proteolytic enzyme 
were noted upon the uninfarcted posterior 
myocardial wall of these animals." 

Tables I and II enumerate the incidence 
of microthrombi or blockade of small ves- 
sels by fibrin-like material, and the charac- 
ter of the myocardial damage in the treated 
and untreated dogs. Ten of 13 control ani- 
mals demonstrate microthrombi, whereas 
microthrombi were noted in only 2 of 15 
adequately treated animals. The micro- 
thrombi noted in one of the animals which 
had been treated for 3 days were probably 
present as part of an unrelated arteriolar 
disease antedating the treatment of this 
animal, since they appeared to be older 
than 3 days by microscopic criteria. 
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Table 1. Incidence of thrombi in microcircu- 
lation in treated group with euglobulin lysis 
times shorter than 1 hour 


Infarct age Controls Treated 
12-24 hr. 3/3 05 
48 hr. 1/2 14 
3 days 4/5 [> 
4-7 days 2/3 01 

Total 10/13 


*Older than 3 days. 


Table II. Incidence of type of necrosis in 
treated group with euglobulin lysis times 
shorter than 1 hour 


Controls Treated 
Infarct age Confluent | Focal | Confluent | Focal 
12-24 hr 3 ° 1 ‘ 
48 hr 2 1 
3 days 4 1 ~ 5 
4-7 days 2 1 
Total 11 2 2 13 


Eleven of 13 control animals revealed 
only confluent necrosis, whereas focal 
necrosis was present in 13 of the treated 
group, and confluent necrosis alone in only 
2 of these dogs. This low incidence of micro- 
thrombi and confluent necrosis in the 
treated animals is statistically significant. 


After coronary occlusion there are exten- 
sive zones of starved myocardium sur- 
rounding areas which are irreversibly dam- 
aged. Fibrinolytic therapy is one means of 
alleviating this starvation and returning 
portions of these marginal zones to ana- 
tomic and functional integrity. The col- 
lateral blood supply probably plays a vital 
role in maintaining some nourishment at 
first, and the intrinsic resistance of portions 
of the myocardial fiber to severe injury ap- 
pears to be much greater than previously 
estimated. 

These studies indicate that there are 
large areas of myocardium that can be sal- 
vaged up to 3 hours after ischemic injury. 
The apical and subendocardial regions ap- 
pear to be most irreversibly damaged, 
whereas the marginal areas are salvable 
for long periods by fibrinolytic therapy. 


Our results show that these zones of re- 
versible injury may constitute 25 to 50 per 
cent of the area of infarction expected in 
control animals. This apparent extension 
of the limits of myocardial viability, previ- 
ously not observed after restoration of the 
blood supply alone, appears to be the 
direct effect of fibrinolytic activity upon 
the acute ischemic tissue reaction in the 
heart muscle, and demonstrates that the 
speed of muscle breakdown within an in- 
farct area is not uniform. In our studies, 
we were impressed with the powerful in- 
fluence of these enzymes upon the tissue 
reaction. It appears logical that the use of 
these ‘‘clot dissolvers”’ for the lysis of major 
clots is not possible without profound ef- 
fects at the tissue level wherever fibrin may 
be deposited. There is an obvious need to 
extend the study of these enzymes to any 
tissue reaction associated with deposition 
of fibrin 

We interpret the absence of micro- 
thrombi and interstitial precipitation of 


Fig. 4B. Spotty, focal, subendocardial infarction 
(treated). 
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Fig. 5A. Seven days, control. Dense mesh of in- 
terstitial fibrin and coagulated protein in infarcted 
zone. There are necrotic polymorphonuclear leu- 
kocytes and macrophages in the coagulum. 


Fig. 5B. Seven days, control. Note arteriole with 
organizing thrombus (right). Adjacent to the arteriole 
is a large zone of interstitial fibrin and protein 
coagulum which contains necrotic exudate. There 
are infarcted muscle fibers which are anuclear and 
fragmented (left lower). 


protein-rich edema in the hearts of treated 
animals, in contrast to the findings in the 
hearts of control animals, as evidence that 
nutrition is restored to the marginal muscle 
regions by maintenance of the patency of 
the capillary circulation and clogged tissue 
spaces. Since all animals were heparinized 
before they were sacrificed, these findings 
cannot be due to postmortem clotting. 
Furthermore, the high incidence of small 
focal areas of necrosis in the treated animals 
rather than large confluent zones indicates 
that reversible local changes are present, 
such as those often seen in patients with 
long-standing angina pectoris, rather than 
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irreversible massive generalized depriva- 
tion. We had previously postulated’ that 
fibrinolytic therapy dissolved out the mi- 
croblockage to the coronary circulation. 
However, analysis of the microscopic find- 
ings in a control group of dogs which died 
within 12 hours after infarction failed to 
reveal the presence of microthrombi before 
6 hours. Thus, fibrinolytic therapy may 
have prevented this blockade rather than 
reversed it. Waether it is necessary to ren- 
der these animals hypo- or afibrinogenemic 
to accomplish this beneficial effect, or 
whether some other less specific mechanism 
of action is important is presently under 
study in our laboratory. 

It is certain that this hypothesis of micro- 
thrombosis is an oversimplification of the 
many factors which govern the rate of 
myocardial death. The small number 
of microthrombi we have seen in each 
heart is quantitatively insufficient to ex- 
plain the degree of blockade of the micro- 
circulation which we have _ postulated. 
However, it is possible that these micro- 
thrombi are the expression of the end result 
of hypercoagulability after ischemic injury, 
and that functional capillary blockade oc- 
curs even prior to actual formation of mi- 
crothrombi. At present, we are measuring 
the coagulability of the coronary venous 
blood after coronary occlusion, and pre- 
liminary data indicate that a state of hyper- 
coagulability is produced within 1 hour 
after ischemia of the myocardium. This 
state can serve to perpetuate deprivation 
of cell nutriment at a microscopic level. 

These experimental results encourage the 
use of fibrinolytic therapy in human myo- 
cardial infarction. Successful therapy with- 
in the previously accepted limits of myo- 
cardial viability of 4% hour after total is- 
chemia is impractical if not totally impossi- 
ble, especially if the only aim is to disso ve 
an obstructing coronary thrombus. It 
seems unlikely that total dissolution of this 
thrombus could be affected in less than 8 
hours from the time of its formation, even 
under optimal circumstances under clinical 
conditions. This estimate of elapsed time 
includes inevitable delays in the obtaining 
of medical assistance, transportation to 
the hospital, organization of the treatment 
personnel, etc., as well as an estimated 4 
to 6 hours necessary for actual clot lysis.*"” 
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On the other hand, the goal of restoration 
of the patency of the capillary circulation 
more quickly after myocardial infarction 
is logical and feasible. It seems likely that 
these enzymes may reach marginal zones 
of ischemic myocardium through collater- 
als before the major coronary channel is 
reopened. That this goal may be of the 
utmost importance is further emphasized 
by the recent evidence that fresh major 
coronary thrombi are found in less than 
60 per cent of the cases of sudden cardiac 
death.!° 

A further drawback to clinical effective- 
ness may be our evidence that euglobulin 
lysis times of less than 1 hour seem to offer 


Fig. 6A. Forty-eight hours, treated. Note isolated 
infarcted muscle fibers in center of photograph. 
They are darker, glossy, and anuclear. Note also 
clean interstitial space with no fibrin or protein 
debris. 


Fig. 6B. Three days, treated. Note two infarcted 
muscle fascicles which are beginning to organize. 
The remaining muscle fascicles are normal; the 
interstitial spaces are clean. This reaction is probably 
the result of focal starvation of temporary nature. 


optimal diminution in the size of the in- 
farct. This intense fibrinolytic activity over 
a period of 6 to 12 hours may cause hemor- 
rhagic complications with significant de- 
pletion of circulating fibrinogen and other 
clotting factors. Since the proportions of 
fibrinolysin and streptokinase utilized in 
this study obviously produced circulating 
and tissue fibrinolysis and proteolysis of 
intense degree, but in a proportion peculiar 
to these particular mixtures, other types 
of fibrinolytically active states may pro- 
duce results in the myocardium which are 
different from those reported here. 

There was no evidence that the fibrino- 
lytic therapy itself in the present experi- 
ments caused myocardial hemorrhage, rup- 
ture, or rheumatic-like or degenerative 
lesions as reported with papain or strepto- 
coccal proteinase in rabbits." 


Summary 


1. The extent of experimental canine 
myocardial infarction was markedly di- 
minished by fibrinolytic therapy. 

2. This effect appeared to be the result 
of maintaining the patency of the micro- 
circulation of the heart, with the salvage of 
ischemic marginal areas after coronary oc- 
clusion. 

3. Fibrinolytic therapy extends the du- 
ration of viability of large areas of the 
myocardium after ischemic injury. 

4. Intense fibrinolytic activity was in- 
duced to the extent of producing hemor- 
rhagic complications in some of the ani- 
mals. 

5. The implications of this therapy in 
human myocardial infarction are dis- 
cussed. 
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hat right ventricular preponderance 
is a frequent electrocardiographic 
finding among healthy residents of high 
altitudes was first observed in Bolivia 
by Capdehourat.! Rotta? found signs of 
right ventricular hypertrophy and right 
bundle branch block in the native residents 
of high altitudes of Peru. Cosfo and 
Corigliano* studied at sea level subjects 
who came from high altitudes and con- 
firmed the above-mentioned findings. The 
electrocardiograms observed in the adult 
residents of high altitudes were classified 
by Rotta and Lopez‘ into four groups, 
similar to those described by Taquini® 
in chronic pulmonary heart disease. The 
present work has been carried out in order 
to investigate the genesis of such variable 
electrocardiograms. It complements a pre- 
vious study made in children.® 
It should be remembered that a moder- 
ate arterial oxygen unsaturation, poly- 
cythemia, increased pulmonary blood vol- 


ume, and mild pulmonary hypertension 
are common findings in healthy people 
who live permanently at high altitudes.7-" 
These findings are physiologic charac- 
teristics in such a low pO: environment. 
Adaptive mechanisms in pulmonary func- 
tion, blood chemistry, and enzymatic 
activity are also present in the residents 
of high altitudes who are capable of ef- 
ficiently performing heavy exercise.” 


Material and methods 


Three hundred normal subjects were 
studied in Lima, at sea level, and 250 in 
Morococha, 14,900 feet (4,540 meters) 
above sea level. The individuals were 
distributed in three age groups: 15 to 20 
years (100 subjects at sea level and 50 at 
high altitudes), 21 to 40 years (100 subjects 
at both levels), and 41 to 60 years (100 
subjects at both levels). Male and female 
subjects in equal proportion were included 
in each age group. The residents of high 
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THE AQRS RANGE 
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Fig. 1. A right AQRS deviation is a common finding in healthy people who live permanently at 
high altitudes (/eft). As their age increases, the AQRS range is wider at high altitudes, and in 
older adults, AQRS can be found in any one of the Bayley sextants (right). 


altitudes had lived 5 years without inter- 
ruption in Morococha and had always 
lived at altitudes above 10,000 feet. 

A Sanborn Viso-Cardiette, Model 52, 
electrocardiograph was used. Conventional 
leads and additional chest leads were 
taken in each subject. The vectorcardio- 
grams were recorded according to Grish- 
man’s cube method" based on a modi- 
fication of the trirectangular trihedron of 
Duchosal and Sulzer. A Sanborn Vector 
Amplifier, Model 185, coupled to a Sanborn 
Viso-Scope, Model 169A, and a Polaroid 
Fairchild camera, Model F-296A, were 
employed. The vector loop was interrupted 
400 times per second by intensity modu- 
lations. 


Results 


Ventricular activation process. 

STATISTICAL ANALYsIS. Tables I, II, 
and III show the statistical analysis of the 
data concerning the ventricular activation 
process at sea level and at high altitudes. 
The difference between the mean values 
of AQRS obtained at sea level and those 
at high altitudes was statistically significant 


(p < 0.001) in all age groups (Table I), 
showing a right AQRS deviation at high 
altitudes (Fig. 1, left). However, as the 
age of the subjects increased, the AQRS 
range was wider at high altitudes, and in 
older adults the AQRS was in any one of 
the Bayley sextants (Fig. 1, right). Table 
II shows the voltage of the late R wave 
in Lead aVg, and the R’/Q or S ratio in the 
same lead. The mean values at high alti- 
tudes were greater than, and showed a 
statistically significant difference from, 
those at sea level. Table III shows the 
voltage of the R wave and the R/R+ S$ 
ratio in Lead V;. The mean values were 
significantly greater at high altitudes 
in the adolescent group only. At high 
altitudes the values for the R/S ratio in 
Lead Vs were lower, and the index R in 
Lead V; + S in Lead V; showed higher 
values. The difference between the mean 
values obtained in the two places studied 
is highly significant in all age groups. 
ELECTROCARDIOGRAPHIC AND VECTOR- 
CARDIOGRAPHIC PATTERNS. In adult dwel- 
lers of high altitudes there was a wide 
range in SAQRS direction, the configura- 
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tion of the QRS complex was highly vari- 
able both in the limb and precordial leads, 
and the two-dimensional projections of 
the spatial ORS loop showed wide diversity. 
In order to systematize our results, we 
will describe five principal patterns ac- 
cording to the spatial SAQRS orientation. 
In this way we do not prejudge differences 
in the ventricular activation process. 

1. SAQRS in the right inferior posterior 
octant. SAQRS was directed to the right, 
inferiorly, and somewhat posteriorly in 
most of the adult inhabitants of high 
altitudes (38.4 per cent). This SAQRS 
position was a vectorial resultant of two 
portions differently oriented but approxi- 
mately similar in magnitude (Fig. 2). 
The mid QRS vectors (QRS loop 2 or 
“left ventricular’ vectors'*) were directed 


to the left, downward, and somewhat 
anteriorly. The late QRS vectors (QRS 
loop 3 or ‘‘basal”’ vectors'*) were large and 
pointed to the right, upward, and pos- 
teriorly. The former showed their major 
projection on the frontal and _ horizontal 
planes, and the latter on the sagittal view. 
The early QRS vectors (QRS loop 1 or 
“septal” vectors'®) were small and an- 
teriorly oriented, whether to the left or to 
the right. The frontal QRS loop was wide 
and showed a clockwise rotation. The 
horizontal QRS loop was narrow and ap- 
proximately perpendicular to the axis of 
Lead V,, and it was inscribed in a clock- 
wise direction or in a figure of eight. 
S:-Q2-Q; or Si-Se-Q; patterns and an 
rS complex in Lead V; were frequently 
found in these residents of high altitudes. 


Fig. 2. A, A normal 23-year-old subject who lives at high altitudes. SAQRS is in the right inferior posterior 
octant, and its frontal projection is oriented to +95°. The QRS loop is wide in the frontal view, and a clockwise 
rotation is seen in all three planes. The mid and final QRS vectors are approximately similar in magnitude. In 
this subject the following additional data were obtained: right ventricular systolic pressure, 43 mm. Hg; hemo- 
globin, 22 Gm. per cent; hematocrit, 60 per cent; arterial oxygen saturation, 82 per cent. B, A normal 22-year- 
old inhabitant of high altitudes. SAQRS is in the right inferior posterior octant and its frontal projection is 
placed at +115°. The QRS loop is wide in the frontal plane and narrow (in profile) in the transverse view, 
which shows a figure-of-eight rotation. 
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Some subjects showed an rsr’s’ complex of 
low voltage and normal duration in Lead 
V;. In some subjects (3.6 per cent) a 
peculiar projection of the mid and late 
ORS vectors made it impossible to deter- 
mine the AQRS position, and diphasic 
QRS complexes were observed in all six 
extremity leads (Fig. 3,A). 

2. SAQRS in the left inferior posterior 
octant. This pattern was found in 25.2 
per cent of the residents of high altitudes. 
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In these individuals the spatial QRS loop 
was somewhat similar to that described 
in the previous group, but the frontal 
projection of the late QRS vectors was 
small (Fig. 4,4). In some subjects of this 
group, rsr’s’ complexes of low voltage and 
normal duration were found in Lead V, 
(Fig. 3,B). In a few cases (2.8 per cent), 
SAQRS was in the left inferior anterior 
octant, and an Rs pattern was seen in 
Lead V, (Fig. 4,B). 


Table 1. The AQRS position 
15-20 years 21-40 years 41-60 years 
Mean + S.E. $5 + 2.2 45 + 3.3 3 + 3.3 
Sea level S.D. 32.4 
Extreme Values —10 120 —30 120 —40 90 
Morococha Mean + S.E. 125 + 6.8 105 + 7.1 108 + 7.9 
(14,900 ft.) S.D. 46.1 70.2 78.5 
Extreme Values 60 —100 —35 —90 —80 —90 
t 12.31° 7.00" 9.08* 
i: t values calculated by Fisher’s t-test. 
*p < 0.001. 
Table Il. The QRS scalar data in Lead aVr 
15-20 years 21-40 years 41-60 years 
R’ in (in mm. = 0.1 mv.) 
Sea level Mean + S.E. 1.1 + 0.12 0.7 + 0.09 0.3 + 0.07 
S.D. 1.16 0.96 0.69 
Extreme Values 0 5 0 5 0 k 
Morococha Mean + S.E. 4.0 + 0.32 2.8 + 0.24 2.9 + 0.18 
(14,900 ft.) S.D. 2.24 2.35 1.82 
Extreme Values 1 10 0 11 0 8 
t 10.59* 8.44* 12.95* 
R’ | 
in aVr 
QorsS 
Sea level Mean + S.E 0.2 + 0.02 0.1 + 0.02 0.1 + 0.01 
S.D. 0.19 0.20 0.14 
Extreme Values 0 1 0 0 0.7 
Morococha Mean + S.E. 1.1 + 0.16 0.8 + 0.09 0.9 + 0.11 
(14,900 ft.) S.D. 1.13 0.99 1.09 
Extreme Values 0.1 7.0 0 5 0 2.5 
t 8. 30* 6.72* 


: t values calculated by Fisher's t-test. 
*p < 0.001. 
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) Table III. The QRS scalar data in precordial leads 
1 
' 15-20 years 21-40 years 41-60 years 
> 
5 R in V; (in mm. = 0.1 mv.) 
Sea level Mean + S.E 3.8 + 0.24 3.3 + 0.19 2.2 + 0.11 
} S.D. 2.40 1.92 1.18 
Extreme Values 0 13 0 16 0 6 
Morococha Mean + S.E. 6.3 + 0.56 3.5 + 0.23 2.3 + 0.15 
(14,900 ft.) S.D. 4.01 2.38 1.52 
Extreme Values 1 23 0 12 0 7 
t 4.90* 0.87 0.36 
R 
in Vi 
R+S5S 
Sea level Mean + S.E. 0.3 + 0.01 0.3 + 0.01 0.3 + 0.01 
S.D. 0.13 0.14 0.14 
Extreme Values 0 0.7 0 0.6 0 0.6 
Morococha Mean + S.E. 0.4 + 0.03 0.3 + 0.02 0.2 + 0.02 
(14,900 ft.) S.D. 0.19 0.20 0.17 
Extreme Values 0.1 0.8 0 1 0 0.8 
t 5.17* 0.53 0.35 
R 
— in Vs 
S 
Sea level Mean + S.E. 5.5 + 0.55 8.3 + 0.79 12.8 + 1.24 
S.D. 5.44 6.76 9.70 
Extreme Values 0.5 20 1 42 1.7 42 
Morococha Mean + S.E. 2.0 + 0.23 3.4 + 0.31 2.9 + 0.29 
(14,900 ft.) S.D. 1.61 3.05 2.94 
Extreme Values 0.5 9 0.1 16 0.4 11 
t 4.42* 4.82* 9. 38* 
R in Vi -L S in Vs 
Sea level Mean + S.E. 8.1 + 0.38 5.2 + 0.28 3.1 + 0.16 
S.D. 3.79 2.79 1.60 
Extreme Values 2 18 0.5 19 0.5 7 
Morococha Mean + S.E 13.7 + 0.77 8.8 + 0.47 7.7 + 0.39 
(14,900 ft.) S.D. 5.45 4.70 3.98 
Extreme Values 11 28 1 26 2 30 
t 7.30* 6.61* 10.8* 


t values calculated by Fisher's t-test. 
*p < 0.001. 


3. SAQRS in the right superior posterior 
octant: the S,-Se-S; pattern. In some 


adult dwellers of high altitudes (9.6 per 
cent), SAQRS and the major portion of 
the spatial QRS loop were directed to the 
right, superiorly, and posteriorly (Fig. 5,4). 
In these subjects the late QRS vectors 
(ORS loop 3 or “basal” vectors) were 


predominant. The early QRS vectors were 
small and anteriorly oriented, whether to 
the left or to the right. The mid QRS 
vectors were also small. The frontal QRS 
loop was inscribed in a counterclockwise 
direction or in a figure of eight. The ro- 
tation of the horizontal QRS loop was in 
a clockwise fashion, with the mid QRS 
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Fig. 3. A, A normal 25-year-old resident of high altitudes. AQRS is undetermined, and diphasic 
QRS complexes are present in all six limb leads. The QRS loop shows a figure-of-eight configura- 
tion in the transverse projection, and the final QRS vectors are of great magnitude. B, A healthy 
35-year-old resident of high altitudes. AQRS points to the left. The final QRS vectors are large. 
The frontal QRS loop is wide and shows a clockwise rotation. An rsr’s’ pattern is present in 
Lead Vi, and the horizontal QRS loop rotates in a figure of eight. 


vectors anteriorly oriented or in a figure 
of eight, and the mid QRS vectors pos- 
teriorly directed. An rS pattern was fre- 
quently found in all three standard limb 
leads (S:-Se-S; pattern or “concordant” 
S. pattern) and in all six unipolar pre- 
cordial leads. 

4. SAORS in the left superior posterior 
octant. In these subjects (6.4 per cent), 
SAQRS and the major portion of the 
spatial QRS loop were oriented to the 
left, superiorly, and posteriorly (Fig. 5,B). 
The QRS loop was similar to that of the 
previous group, but the mid QRS vectors 
were large and the final QRS vectors were 
only slightly oriented to the right. The 
inscription of the horizontal QRS loop 
was counterclockwise or in a figure of 
eight. The morphology of the QRS com- 
plex was also similar to that of the previous 
group, but diphasic or predominantly 


positive QRS complexes were frequently 
seen in Leads I and V¢g. 

5. SAQRS in the right inferior anterior 
octant. In some residents of high altitudes 
(8.0 per cent), particularly those of the 
adolescent group, SAQRS and the major 
portion of the spatial QRS loop were 
directed to the right, inferiorly, and an- 
teriorly (Fig. 6,4). Vectors pointing in 
this direction (“right ventricular’ vec- 
tors'®) were predominant, whereas the 
left QRS vectors and the late QRS vectors 
were relatively small. The early QRS 
vectors were small and anteriorly directed, 
frequently to the left. The frontal and 
horizontal QRS loops were wide and in- 
scribed in a clockwise direction. The 
configuration of the QRS complex in the 
extremity leads was similar to the one 
described in the first pattern. The QRS 
complex in Lead V; was predominantly 
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positive, and the most frequent configu- 
ration was Rs, with an early slurring in 
some cases. QRS complexes of rsR’s’, 
rR’s, and qRs morphology were also seen 
in Lead V, and in the right additional 
chest leads. This diverse configuration 
was related to the variable orientation of 
the first portion of the QRS loop. A final 
S wave was a constant finding in Lead V, 
in residents of high altitudes. In some 
subjects (6.0 per cent) the increased ‘right 
ventricular’ vectors were associated with 
large final ORS vectors (Fig. 6,B). In 
these cases, SAQRS and the spatial ORS 
loop were in the right superior anterior 
octant, and S,-Se-S; or S;-Se-Q; patterns 
were associated with predominantly posi- 
tive ORS complexes in Lead V3. 
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Ventricular repolarization process. The 
adolescents and adults living at high 
altitudes showed a leftward, anterior, 
inferior orientation of the T loop and 
positive IT waves in all precordial leads. 
Significant divergence between the QRS 
and T loops and a left posterior displace- 
ment of the J point (‘‘secondary” ST-T 
changes) were not observed, despite the 
right anterior position of the QRS loop 
seen in some cases (Fig. 6,4). The upright 
T waves of the right precordial leads were 
abnormal in contour in approximately 20 
per cent of the subjects in high altitudes. 
In some cases the T loop was in the left 
posterior inferior octant, and the T waves 
were negative, peaked, and symmetrical 
(‘‘primary’’ T-wave changes) in the right 


Fig. 4. A, A 28-year-old resident of high altitudes. SAQRS is in the left inferior posterior octant, 
and its frontal projection points to +70°. The QRS morphology differs only slightly from that 
observed in normal adults at sea level. However, the frontal QRS is wide, and a clockwise rotation 
is seen in all three planes. The horizontal QRS loop shows two well-defined portions. B, A normal 
31-year-old subject who lives at high altitudes. SAQRS is in the left inferior anterior octant. 
The QRS configuration is normal in the limb leads, and an Rs complex is seen in Lead V;. The 
horizontal QRS loop is anteriorly placed and shows a counterclockwise rotation. The final QRS 
vectors are small. In this subject the right ventricular systolic pressure was 37 mm. Hg, hemo- 
globin was 21 Gm. per cent, hematocrit was 62 per cent, and arterial oxygen saturation was 


81 per cent. 
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precordial leads (Fig. 5,A). A comparison 
of downward T waves in the right pre- 
cordial leads at sea level and those at high 
altitudes is shown in Table IV. Negative 
T waves in Lead V, were found less fre- 
quently with increasing age of the subjects 
at sea level. They were rare in Lead V2 
and were not observed in Lead V3. At 
high altitudes a negative T wave was an 
infrequent finding in Lead V;, but in 
those subjects who showed an “ischemic”’ 
T-wave pattern, negative T waves were 
also seen in Leads V2 and V3. 


Ventricular activation process. A con- 
siderable delay in the development of the 
ORS changes that normaily occur during 
growth has been demonstrated in infants 
and children who live permanently at 
high altitudes. In comparison with chil- 
dren, the adult dwellers at high altitudes 
show less right AQRS deviation, the mid 
ORS vectors are larger and show a less 
forward orientation, and the early QRS 
vectors are more frequently directed to 
the right. These vector changes indicate 
that as the age of the subject increases, 
the right ventricular preponderance di- 
minishes. However, it occurs slowly and 
physiologic preponderance of the left 
ventricle is not attained at high altitudes. 

Electrocardiographic and _ vectorcardi- 
ographic patterns are almost stereotyped 
in infancy and childhood at high altitudes, 
and SAQRS is generally in the right an- 
terior octants.6 On the other hand, the 
ECG and VCG patterns are highly variable 
in adult inhabitants of the same altitudes. 
In most subjects the spatial orientation 
of the mid QRS vectors and the pathway 
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of the horizontal QRS loop show similari- 
ties to those observed at sea level in tran- 
sitional patterns of normal children be- 
tween 3 months and 3 years of age.* How- 
ever, at high altitudes the final QRS 
vectors are of great magnitude, which 
accounts for the rS complex in Lead V; 
and the SAQRS position in the right 
inferior posterior octant. Patterns of this 
group are similar to Grishman’s Type I 
described in some congenital heart dis- 
eases with a mild right ventricular hyper- 
tension,!7-'® and they also resemble De- 
glaude’s Types I and I] reported in mitral 
stenosis with a mild pulmonary hyper- 
tension.2? However, the late ORS vectors 
are usually of greater magnitude in healthy 
residents of high altitudes, and for this 
reason an rS pattern in Lead V, is more 
frequently found in these subjects than 
in persons with mitral stenosis or congenital 
cardiac malformations. At high altitudes 
these patterns are associated with a mild 
right ventricular hypertension, and they 
should be considered as one type of sys- 
tolic overloading of the right ventricle in 
spite of the rS or rsr’s’ complexes in Lead 
Vi. 

In residents of high altitudes who show 
SAORS in the left inferior posterior octant 
the electrocardiogram resembles that seen 
in normal adults at sea level, but the 
vectorcardiogram differs only slightly from 
that described in the previous pattern. 
This singular finding in the presence of 
right ventricular hypertrophy has _ been 
rarely reported.!® The pattern of SAQRS 
in the left inferior anterior octant and an 
Rs complex in Lead V,; resembles that 
frequently observed at sea level in normal 
children up to 3 years of age. SAQRS 


Table 1V. Distribution, in per cent, of the negative T waves in the right precordial leads 


Sea level Morococha (14,900 ft.) 
15-20 years 21-40 years 41-60 years 15-20 years 21-40 years 41-60 years 
| %) (%) (%) (%) (%) (%) 
Lead V; 58 23 13 22 8 8 
Lead V. | 1 0 8 5 3 
Lead V3; 0 0 0 6 0 2 
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Fig. 5. A, A normal 27-year-old dweller at high altitudes. SAQRS is in the right superior posterior octant, 
and its frontal projection points to —120°. An S,-S.-S; pattern is present. An rS complex is seen in all six pre- 
cordial leads. The final QRS vectors are predominant. The frontal QRS loop exhibits a figure-of-eight rotation, 
and the horizontal QRS loop rotates clockwise, with the mid QRS vectors oriented anteriorly. An ‘‘ischemic’’ 
T wave pattern is seen in the right precordial leads. In this subject the right ventricular systolic pressure was 
42 mm. Hg, hemoglobin was 21 Gm. per cent, hematocrit was 61 per cent, and arterial oxygen saturation was 
82 per cent. B, A normal 38-year-old inhabitant of high altitudes. SAQRS is in the left superior posterior octant, 
and its frontal projection is oriented to —75°. The ORS configuration is similar to that seen in A, but an Rs 
complex is present in Lead I and in the left precordial leads. The final QRS vectors are predominant, but they 
are only slightly oriented to the right. The QRS-loop rotation is counterclockwise in the transverse projection, 


and figure of eight in the frontal view. 


orientation in the left superior posterior 
octant is observed in older adults and in 
subjects who lived the greater part of 
their lives in altitudes lower than that of 
Morococha. Similar patterns in the pres- 
ence of right ventricular hypertrophy 
have been rarely reported in chronic cor 
pulmonale,”! and in some congenital heart 
diseases. !7+18 

Electrocardiographic and vectorcardio- 
graphic patterns associated with SAQRS 
in the right superior posterior octant have 
also been described in chronic pulmonary 
heart disease and in some congenital 
cardiac malformations.”-*! They are simi- 
lar in some respects to Grishman’s Type 


III* reported in some congenital heart 
diseases with severe right ventricular 
hypertension.!7!5 However, in most of 
Grishman’s cases, SAQRS was oriented 
anteriorly, and positive QRS complexes 
were present in Lead Vj. In our residents 
of high altitudes an rS complex in Lead V; 
and a mild right ventricular hypertension 
were common findings. The electrogenesis 
of the S;-S2-S; syndrome has been exten- 
sively discussed, and frequently it was 
ascribed to a marked clockwise rotation 
of the heart around its longitudinal axis, 
with posterior displacement of the apex.**-*4 


*In a recent paper from Grishman’s laboratory!® this pattern 
has been included in the Type II. 


A B 


110 Penaloza, et al. 


A 


Am. Heart J. 
January, 1961 


Fig. 6. A, A 22-year-old healthy resident of high altitudes. SAQRS is in the right inferior anterior octant. The 
right precordial leads show positive QRS complexes and positive T waves. The frontal and horizontal QRS 
loops are wide and rotate in a clockwise direction. In this subject the right ventricular systolic pressure was 50 
mm. Hg, hemoglobin was 23 Gm. per cent, hematocrit was 66 per cent, and arterial oxygen saturation was 79 
per cent. B, A healthy 20-year-old resident of high altitudes. SAQRS is in the right superior anterior octant. The 
right QRS vectors and the final QRS vectors are large. An S,-S2-S; pattern is present, and Lead V; shows a QRS 


complex with a late R wave (qRs configuration). 


The vectorial observations® and the epi- 
cardial leads in man***? have shown in 
these cases an unusual sequence of ven- 
tricular activation in which the late QRS 
vectors are predominant. In our subjects 
the large projection of the late QRS vectors 
in all three planes does indicate a true 
spatial increase of these vectors. For this 
reason, we cannot consider that a special 
position of the heart is an important de- 
termining factor of such a pattern. Fur- 
thermore, the roentgen examination and 
the anatomic study do not disclose any 
peculiarities in the heart position in sub- 
jects with this pattern. Special changes in 
the tissues surrounding the heart, which 
might explain these bizarre cases by modi- 
fications of the conducting media, were 
not apparent in these subjects. The S;-S2-S; 
pattern seen in some healthy people who 


live permanently at high altitudes should 
be considered as another type of systolic 
overloading of the right ventricle, in spite 
of the rS complex in Lead V}. 

The pattern associated with SAQRS in 
the right inferior anterior octant resembles 
one type described by Cabrera in systolic 
overloading of the right ventricle,*** 
some examples of Grishman’s Type II,'7-!® 
and Deglaude’s Types III and IV.?° How- 
ever, in cases reported by these and other 
authors the QRS pattern was frequently 
associated with ‘‘secondary’’ ST-T changes 
and was seen in the presence of accentuated 
right ventricular hypertrophy,!7-!94°- with 
the ventricular systolic pressure similar 
to, or higher than, that of the systemic 
circulation.!7-2°- However, in healthy peo- 
ple who live permanently at high altitudes 
this QRS pattern is not associated with 
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“secondary’’ ST-T changes and is found 
in the presence of only a mild right ven- 
tricular hypertension. This pattern is 
similar to that seen in infants and children 
of the same altitudes,® and its persistence 
until adult age suggests that a mild right 
ventricular hypertension, if maintained 
throughout infancy and childhood, can 
arrest to an important degree the normal 
pattern of development of the ORS changes 
expected with aging. The same explanation 
is probably valid for the presence of 
‘“marked”’ signs of right ventricular prepon- 
derance in some congenital heart diseases 
with a mild right ventricular hyperten- 
sion.**-48 This, however, does not occur 
when the right ventricular hypertrophy 
is acquired after the normal left ventricular 
preponderance has been attained, for 
example, in chronic cor pulmonale and 
mitral stenosis. In these cases a high degree 
of right ventricular pressure is required in 
order to produce accentuated signs of right 
ventricular 

The five mentioned ORS patterns do not 
represent different types of ventricular 
activation. They are rather varieties of 
a peculiar ventricular activation process 
which exhibits two principal character- 
istics, an increased magnitude of the 
terminal QRS vectors and a delay in the 
development of the QRS changes expected 
with aging. The association in variable 
proportion of these two features could 
explain the variable electrocardiograms 
and two-dimensional vectorcardiograms 
observed in adolescence and adulthood 
at high altitudes. Rotta and Lopez‘ de- 
scribed four electrocardiographic patterns 
in normal adult inhabitants of high alti- 
tudes. The pattern reported as “right 
ventricular hypertrophy” is similar to 
the one described by us in which SAQRS 
is in the right anterior octants. The pat- 
tern ‘‘suggestive of right ventricular hyper- 
trophy”’ corresponds to S;-S2-S; syndrome, 
and it is ascribed by the above-mentioned 
authors to positional changes of the heart. 
Their ‘‘normal”’ pattern is similar to that 
described by us in which SAQRS is in the 
left inferior posterior octant, but we did 
not find normal vectorcardiograms in the 
residents of high altitudes of this group. 
The pattern with SAQRS in the right 
inferior posterior octant, the most common 
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in adults of high altitudes, is not com- 
mented upon by these authors. A pattern 
with SAORS in the left superior posterior 
octant was not studied. “Right bundle 
branch block, incomplete or complete’”’ 
is the fourth pattern pointed out by these 
authors, and it will be discussed later. 
This classification implies different types 
of ventricular activation, and it ascribes 
an important role to the cardiac position 
in the genesis of the electrocardiograms 
at high altitudes. The results of our in- 
vestigation are not in agreement with 
this hypothesis. 

Complete right bundle branch block 
was a rare finding in normal dwellers of 
high altitudes. An R-R’ complex of normal 
duration and low voltage, frequently of 
rsr’s’ configuration, was found in Lead V, 
in 8.5 per cent of the subjects studied at 
high altitudes. This pattern probably 
represents a transitional stage in the 
pattern of development of QRS changes 
throughout life. Various features support 
this hypothesis. (1) An r’-V; transitional 
pattern can be seen in normal children 
who live at sea level, whereas at high 
altitudes the same pattern is not found un- 
til adult age. On the other hand, native 
residents of high altitudes with an Rs pat- 
tern in Lead V; show the r’-V, pattern after 
one or more years of residence at sea level.* 
This phenomenon resembles that reported 
after operation in certain heart diseases 
with right ventricular hypertrophy.*-*7 (2) 
The final portion of the QRS loop does not 
show the characteristics commonly seen in 
clinical and experimental right bundle 
branch block.*8-® (3) The intracavity leads 
of the right ventricle recorded as recom- 
mended by Sodi-Pallares and associates, ®:® 
are frequently normal in subjects with an 
r’-V, pattern at high altitudes.” As for the 
R’-V, pattern with a predominantly posi- 
tive QRS complex (rsR’s’, rR’s, or qRs 
configurations) seen in some subjects who 
ive at high altitudes, this is probably re- 
lated to the association of right ventricular 
hypertrophy and a certain degree of right 
bundle branch block.* 

Ventricular repolarization process. The 
greater frequency of positive T waves in 
the right precordial leads at high altitudes 
is probably related to chronic right ven- 
tricular overloading, as is seen in infancy 
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and childhood.*:*:® The “ischemic” T- 
wave pattern seen in the right precordial 
leads of some residents of high altitudes 
is also frequently observed in newcomers 
to these places,**:*’ and in natives who 
lose their adaptation to high altitudes.” 
In these subjects the ‘ischemic’? T-wave 
pattern is related to subacute right ven- 
tricular overloading. When this pattern 
appears in normal residents of high alti- 
tudes, it probably constitutes an early 
index of disadaptation to high altitudes. 
_ The right ventricular hypertrophy of high 
altitudes and its relation to the mechanisms 
of acclimatization. Electrocardiographic and 
vectorcardiographic characteristics of the 
people who live permanently at high alti- 
tudes are associated with a moderate 
increase in the weight of the right ventricle; 
the thickest portion of the right ventricular 
wall is the outflow tract,®* which agrees 
with the increased magnitude of the late 
ORS vectors. A mild pulmonary hyper- 
tension and a normal cardiac output have 
been found in the same subjects." After 
birth, the hypoxia of high altitudes main- 
tains the fetal structure of the small pulmo- 
nary arteries and arterioles,®® and as a 
consequence an elevated pulmonary vascu- 
lar resistance and a mild pulmonary hyper- 
tension are also maintained. Polycythemia, 
an early adaptive hematological mecha- 
nism,® and an increased pulmonary blood 
volume’ probably also contribute to the 
increase of pulmonary vascular resistance 
and pulmonary pressure. The pulmonary 
hypertension maintained throughout life 
explains the peculiar characteristics of 
the electrical activity of the heart at high 
altitudes: a delay in the pattern of develop- 
ment of the ORS changes with aging, an 
increased magnitude of the terminal QRS 
vectors, and a high incidence of positive 
T waves in the right precordial leads. 

The electrocardiograms and vectorcardi- 
ograms: of the adolescent and the adult 
who live permanently at high altitudes 
are not similar to those of the normal 
adolescent and adult at sea level. The 
electrocardiographic measurements show 
statistically significant differences between 
the two places. Therefore, a high-altitude 
environment is an important cause of elec- 
trocardiographic and _ vectorcardiographic 
variability in healthy people. It is impor- 
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tant to remember this in evaluating the 
electrocardiographic and vectorcardi- 
ographic findings in heart diseases at high 
altitudes.” 


Summary 


1. Electrocardiographic and vectorcardi- 
ographic observations were obtained in 
550 normal subjects, 300 at sea level and 
250 in Morococha, 14,900 feet above sea 
level. A comparative study was made in 
three age groups: the age range was 15 to 
60 years. 

2. The ventricular activation process 
shows significant differences between the 
two places studied. In adolescent and adult 
inhabitants of high altitudes there is a 
wide range in SAQRS direction, the con- 
figuration of the QRS complex is highly 
variable both in the limb and precordial 
leads, and the two-dimensional projections 
of the spatial QRS loop show wide di- 
versity. 

3. Five principal QRS patterns are 
described according to the spatial SAQRS 
orientation. These patterns do not repre- 
sent different types of ventricular acti- 
vation. They are varieties of a peculiar 
activation process which exhibits two 
principal characteristics: a delay in the 
pattern of development of the QRS changes 
that normally occur with aging, and an 
increasing magnitude of the terminal QRS 
vectors. 

4. The most common pattern in adults 
of high altitudes shows SAQRS in the 
right inferior posterior octant, an rS com- 
plex in Lead V;, and S,-Q2-Q; or S;-S:-Q; 
patterns in extremity leads. The S;-S2-S; 
pattern is also observed, and it is related to 
predominant late QRS vectors and not toa 
special cardiac position. Predominantly 
positive ORS complexes in Lead V; are in- 
frequent in adults of high altitudes. The 
r’-V pattern seen in some subjects who live 
at high altitudes probably represents a 
transitional stage in the pattern of develop- 
ment of ORS throughout life. 

5. In adults at high altitudes, right 
ventricular preponderance is less than in 
children at the same altitudes, but the 
physiologic preponderance of the left ven- 
tricle seen at sea level does not occur even 
in the older adults. The moderate right 
ventricular hypertrophy of high altitudes 
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is probably related to anatomic and func- 
tional changes that take place in the 
pulmonary circulation as a consequence 
of the process of acclimatization. 

6. The electrocardiographic and vector- 
cardiographic characteristics of the ado- 
lescents and adults who live permanently 
at high altitudes are not similar to those 
of normal adolescents and adults who live 
at sea level. Therefore, a high-altitude 
environment is an important cause of 
electrocardiographic and vectorcardio- 
graphic variability in healthy people. 


The authors are indebted to Dr. Victor Hernandez 
and to Mr. Julio Cruz for their valuable help with 
statistical analysis of the data. 
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Case 
reports 


Harold E. Stadler, M.D. 
Indianapolis, Ind. 


isparity in the cardiac status of 
monozygotic twins has been reported 
in the past, with a different lesion being 
present in the two instances.!? The present 
report concerns a third lesion observed in 
one of “identical’’ twins. Fortunately, 
the babies under discussion were closely 
observed shortly after birth, and the de- 
tails of their physical appearance carefully 
noted. The placental structure was also 
described in detail. The importance of 
this data became evident when the ravages 
of a disease process resulted in a loss of 
the close resemblance. 

Dr. James Hawk, who delivered the 
infants, wrote as follows: “It was known 
that this patient was larger than average 
for the estimated gestation; however, I 
had not been able to hear two fetal hearts 
even though I suspected a multiple preg- 
nancy. The patient refused to have an 
x-ray made. Labor occurred two weeks 
early and both babies reacted well, the 
first one being somewhat smaller than the 
second. The mother was Rh-negative, so 
cord blood from each infant was sent to the 
laboratory. Examination of the placentas 
revealed that they were fused and that 
there was only one chorion but two amnions 
and that portions of the membranes sepa- 
rating the babies were very thin and seemed 
to be in only two layers.” 


Baby A weighed 4 pounds and 2 ounces, and 
Baby B weighed exactly 1 pound more (5 pounds 
and 2 ounces), Examination of the two infants was 
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entirely negative, and they appeared to be identical. 
The blood groups were found to be the same: blood 
group A, Rh subtypes C, D, and E negative. The 
anti-M, anti-N, c, and e were positive. The Coombs 
test was negative in both instances, and routine 
blood counts were within normal limits. The smaller 
infant gained well and was dismissed at the age of 
3 weeks, at which time his weight was 5 pounds and 
9 ounces. He was said to have weighed 8 pounds at 
the age of 6 weeks. 

The infants were not observed again until Nov. 
19, 1959, at which time (age 16 months) there was a 
striking difference in the appearance of the twins. 
Twin A weighed 1914 pounds and was 30 inches 
long. Air hunger was evident, with a grunt on 
expiration, retraction of the intercostal spaces and 
episternal notch on inspiration, and an ashen-gray 
color of the skin. There was no clubbing of the fingers 
or toes. The heart was enlarged in all diameters, 
and there was a thrill particularly marked at the 
apex. The rhythm was regular, but the rate was 
quite consistently 160 per minute. A generalized 
harsh systolic murmur was most prominent at 
the mitral area. The rapid rate precluded definition 
of gallop rhythm. The breath sounds were subdued 
over the bases of the lungs, and showers of fine 
moist rales could be heard. Hepatosplenomegaly 
was not present, and there was no peripheral edema. 

Twin A was said to have never thrived as well as 
his sibling. Pallor had been present since the age of 
4 months. Four days prior to this examination, he 
had become anorexic and had developed an ex- 
piratory grunt which was quite progressive in 
nature. Cough had been moderate, but restlessness 
and irritability had been severe. 

Twin B at this time weighed 2214 pounds and 
was 3114 inches in length. He showed no defect 
except for intense pallor of the skin and mucous 
membranes. His hemoglobin was found to be 7.8 
Gm. per hundred cubic centimeters of blood. 

Twin A was hospitalized on Nov. 13, 1959. The 
hemoglobin was 7 Gm. (hematocrit, 29); the 
leukocyte count was 8,900 with normal differential. 
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Fig. 1. Radiograms of the chests of the twins, showing marked enlargement of the heart of the affected child. 
Left: Twin A. Right: Twin B. 
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Fig. 2. Electrocardiograms of the children. Left: Twin A. The P waves are broad and notched in Lead I, tall and 
broad in Leads II and aVr. There is marked clockwise rotation in the precordial leads. The deep S waves in 
the left ventricular leads suggest right ventricular hypertrophy. This impression is strengthened by the occur- 
rence of a normal left precordial pattern in the ECG of the unaffected twin (right). 
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isparity in the cardiac status of 

monozygotic twins has been reported 
in the past, with a different lesion being 
present in the two instances.! The present 
report concerns a third lesion observed in 
one of “identical” twins. Fortunately, 
the babies under discussion were closely 
observed shortly after birth, and the de- 
tails of their physical appearance carefully 
noted. The placental structure was also 
described in detail. The importance of 
this data became evident when the ravages 
of a disease process resulted in a loss of 
the close resemblance. 

Dr. James Hawk, who delivered the 
infants, wrote as follows: “It was known 
that this patient was larger than average 
for the estimated gestation; however, I 
had not been able to hear two fetal hearts 
even though I suspected a multiple preg- 
nancy. The patient refused to have an 
x-ray made. Labor occurred two weeks 
early and both babies reacted well, the 
first one being somewhat smaller than the 
second. The mother was Rh-negative, so 
cord blood from each infant was sent to the 
laboratory. Examination of the placentas 
revealed that they were fused and that 
there was only one chorion but two amnions 
and that portions of the membranes sepa- 
rating the babies were very thin and seemed 
to be in only two layers.” 

Baby A weighed 4 pounds and 2 ounces, and 


Baby B weighed exactly 1 pound more (5 pounds 
and 2 ounces), Examination of the two infants was 


entirely negative, and they appeared to be identical. 
The blood groups were found to be the same: blood 
group A, Rh subtypes C, D, and E negative. The 
anti-M, anti-N, c, and e were positive. The Coombs 
test was negative in both instances, and routine 
blood counts were within normal limits. The smaller 
infant gained well and was dismissed at the age of 
3 weeks, at which time his weight was 5 pounds and 
9 ounces. He was said to have weighed 8 pounds at 
the age of 6 weeks. 

The infants were not observed again until Nov. 
19, 1959, at which time (age 16 months) there was a 
striking difference in the appearance of the twins. 
Twin A weighed 1914 pounds and was 30 inches 
long. Air hunger was evident, with a grunt on 
expiration, retraction of the intercostal spaces and 
episternal notch on inspiration, and an ashen-gray 
color of the skin. There was no clubbing of the fingers 
or toes. The heart was enlarged in all diameters, 
and there was a thrill particularly marked at the 
apex. The rhythm was regular, but the rate was 
quite consistently 160 per minute. A generalized 
harsh systolic murmur was most prominent at 
the mitral area. The rapid rate precluded definition 
of gallop rhythm. The breath sounds were subdued 
over the bases of the lungs, and showers of fine 
moist rales could be heard. Hepatosplenomegaly 
was not present, and there was no peripheral edema. 

Twin A was said to have never thrived as well as 
his sibling. Pallor had been present since the age of 
4 months. Four days prior to this examination, he 
had become anorexic and had developed an ex- 
piratory grunt which was quite progressive in 
nature. Cough had been moderate, but restlessness 
and irritability had been severe. 

Twin B at this time weighed 2214 pounds and 
was 311% inches in length. He showed no defect 
except for intense pallor of the skin and mucous 
membranes. His hemoglobin was found to be 7.8 
Gm. per hundred cubic centimeters of blood. 

Twin A was hospitalized on Nov. 13, 1959. The 
hemoglobin was 7 Gm. (hematocrit, 29); the 
leukocyte count was 8,900 with normal differential. 
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Fig. 1. Radiograms of the chests of the twins, showing marked enlargement of the heart of the affected child. 
Left: Twin A. Right: Twin B. 
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Fig. 2. Electrocardiograms of the children. Left: Twin A. The P waves are broad and notched in Lead I, tall and 
broad in Leads II and aVr. There is marked clockwise rotation in the precordial leads. The deep S waves in 
the left ventricular leads suggest right ventricular hypertrophy. This impression is strengthened by the occur- 


rence of a normal left precordial pattern in the ECG of the unaffected twin (right). 
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Fig. 3. The endocardial layer shows marked thickening (magnification 120; 
reduced 14). 


The urine was negative. The chest x-ray film showed 
generalized cardiac enlargement, with changes at 
the lung bases indicative of pneumonitis or passive 
congestion due to cardiac decompensation. 

Treatment consisted of Croupette with 6 liters 
of oxygen per minute, and tetracycline, one tea- 
spoon every 6 hours. The congestive pulmonary 
findings had regressed by the fifth day, and 125 
c.c. of whole blood was given by slow intravenous 
drip. This was repeated 48 hours later, after which 
the hemoglobin level was 15 Gm, per hundred 
cubic centimeters of blood. 

Definite diagnosis as to the nature of the cardiac 
disorder was not made, and the child was dismissed 
on Nov. 20, 1959. Readmission became necessary 
on Jan. 7, 1960. A moderate degree of pallor was 
present, and the hemoglobin was found to be 11.5 
Gm. The cardiac findings were those of progressive 
enlargement of the heart. The carbon-dioxide com- 
bining power was 17 mEq./L., and the fasting 
blood sugar was 104 mg. per cent. Fluoroscopic 
examination of the chest showed the heart to have 
enlarged twofold since the previous observation, 
and the left atrium was strikingly prominent. 
Endocardial fibroelastosis was suspected. 

Oxygen therapy was necessary, and digitoxin, 
0.6 mg., was given initially, followed by 0.06 mg. 
daily. Forty-five milligrams of chlorothiazide was 
given orally twice daily. 

The child was given the above-mentioned medica- 
tion at home but did not do well and was readmitted 
to the Community Hospital on Feb. 20, 1960. 
His weight had dropped to 17% pounds, and the 
congestive failure was extreme. Symptomatic care 
was unavailing, and the patient died on March 18, 
1960. Necropsy was limited to the heart. 

Necropsy findings.* The heart was markedly 


*Dr. Ray Schmoyer performed the autopsy. 


enlarged, with the apex lying in the left mid-axillary 
line. There was an increased amount of pericardial 
fluid, and the pericardium was smooth and glisten- 
ing. All cardiac chambers were dilated, with an 
increase in thickness of the musculature. The 
myocardium was firm and reddish-brown. The en- 
docardium over the left ventricle, particularly along 
the interventricular septum, was thickened and 
grayish-white. The underlying myocardium could 
not be seen through the endocardium in many areas. 
The leaflets of the mitral valve were thickened 
with leaflets of other valves which showed no ab- 
normal change. The ductus arteriosus was closed. 
Multiple sections from the heart showed a 
moderate thickening of the endocardium. This is 
consistent with subendocardial fibroelastosis. 


Comment 


A pathologically proved instance of 
fibroelastosis of the endocardium in one 
of monozygotic twins is presented. A 
search of the literature fails to reveal 
another such report, although Kempton’ 
reported such a situation based upon 
clinical data. The P-wave changes found 
are usually not noted in the electrocardio- 
gram of patients with endocardial fibro- 
elastosis, yet must reflect the nonspecific 
factor of auricular enlargement. Low volt- 
age and conduction disturbances are un- 
usual, but the conduction disturbance has 
been reported‘ in one infant. The early 
onset of the disease suggests a congenital 
origin of it, yet the occurrence in one of 
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monozygotic twins (and an isolated in- 
stance in one family) gives no information 
as to any genetic factor in its origin. The 
surviving twin will be observed closely 
since it is possible that he may show evi- 
dence of the disorder with the passage of 
time. 


The photographic work was done by Mr. Robert 
Albright, Indianapolis, Ind. 
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Traumatic aortico—right atrial fistula: 
Report of a case corrected by operation 
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Cape Town, South Africa 


fistulous communications be- 
tween the aorta and right chambers 
of the heart are uncommon. The majority 
occur spontaneously at the level of the 
sinuses of Valsalva, which have undergone 
“aneurysmal dilatation and ruptured into 
the atrium, ventricle, or pulmonary artery. 
Traumatic communications very rarely 
permit a sufficient period of survival for 
the observation of hemodynamic sequelae 
and for appropriate treatment. It is for 
these reasons that the following case is 
presented. 


Case report 


W. B., a 30-year-old male Bantu, was admitted 
elsewhere on May 22, 1959, after having been stabbed 
through the third intercostal space to the right of 
the sternum some hours previously. His general 
condition was satisfactory, and an x-ray film of his 
chest showed a small amount of air and fluid in the 
right hemithorax. On May 26, he became acutely 
dyspneic, but improved after the aspiration of 800 
ml. of altered blood from the right hemithorax. 
The following day he went into shock quite suddenly, 
his blood pressure was unrecordable, and because 
further bleeding was suspected, a thoracotomy was 
performed. A severed right internal mammary 
artery was transfixed and tied, 3 pints of blood were 
removed from the right pleural cavity, and a 1-cm. 
cut was identified in the anterior aspect of the 


pericardium overlying the right atrium. The peri- 
cardial sac was opened and a small amount of blood 
was aspirated, whereupon a linear wound, 1 cm. in 
length, adjacent to and parallel with the atrio- 
ventricular groove was found to be bleeding pro- 
fusely. A coarse systolic thrill over the right atrium 
suggested intracardiac pathology, but in the absence 
of suitable facilities, a cardiotomy could not be 
performed. The atrial stab wound was closed with 
2-0 silk sutures. 

Some hours later, pulsatile distention of his 
neck veins and a loud left parasternal systolic 
murmur were noticed. Digoxin and mersalyl were 
given, with some resultant improvement, although 
the venous distention and murmurs persisted. On 
June 9, he was seen at the Cardiac Clinic, Groote 
Schuur Hospital. The striking signs now were grossly 
distended jugular veins and enlargement of the liver 
to 8 cm. below the costal margin; both veins and 
liver showed marked expansile systolic pulsation. 
No edema or dyspnea were noted, and the pulse 
appeared to be normal, having no collapsing tend- 
ency. The blood pressure was 120 70 mm. Hg. 


' The mediastinum and cardiac apex were displaced 


toward the left. To the right of the sternum a loud 
fistulous murmur could be heard enveloping the 
second sound, whereas a pansystolic murmur fol- 
lowed by a loud early diastolic filling sound were 
present in the third and fourth left intercostal 
spaces (Fig. 1). The rest of the examination was 
not contributory. 

The chest radiograph (Fig. 2,A) showed a large 
collection of fluid in the right hemithorax and con- 
siderable cardiac enlargement. Left lung appeared 
normal; no evidence of vascular engorgement. 


From the Cardiac Clinic, Groote Schuur Hospital, and the Departments of Medicine and Surgery, University of Cape 


Town, Cape Town, South Africa. 
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Fig. J. Preoperative phonocardiogram, with accompanying jugular 
venous pulse tracing. HF: High frequency. PA: Pulmonary artery. 
V3: V3 position on anterior chest wall. 4L.SE: Fourth intercostal space, 
left sternal edge (not recorded synchronously). The continuous murmur 
is best shown in the 4ZSE tracing; a third sound is seen at the V3 
position, and an atrial systolic murmur at V3 and PA, The jugular 
tracing shows the partially fused CV waves suggestive of severe tri- 


cuspid incompetence. 


The electrocardiogram showed sinus rhythm, 
P-R interval of 0.18 second, vertical axis (circa 
85°), and widespread T inversion which was more 
pronounced in the right precordial leads but no 
evidence of right ventricular strain (Fig. 3,A). 

Cardiac catheterization was performed on July 1, 
1959. The samples of blood showed a 4.2 L./min. 
left-to-right shunt at the right atrial level (see 
Table 1). Pressure tracings recorded from the right 
atrium showed a very pronounced Y descent, fol- 
lowed by a steep presystolic A wave, a restriction 
of the X descent, and partially fused C and V 
waves (Fig. 4,4). This configuration suggested a 
reflux into the right atrium during ventricular 
systole. Elevation of the end-diastolic pressure in 
the right ventricle was in keeping with failure of this 
chamber (Fig. 4,B). 


A preoperative diagnosis of a traumatic fistulous 
communication between the aorta and right atrium 
was made. An additional traumatic defect of the 
tricuspid valve was suspected because of the gross 
signs of tricuspid incompetence, although it was 
appreciated that the latter could be mimicked 
by an aortico-right atrial fistula of sudden onset. 

An operation to repair the defect was performed 
on July 13, via a right anterolateral thoracotomy 
through the bed of the fifth rib. The right atrium 
was much enlarged, and a continuous thrill could 
be palpated over it. Under cardiac bypass,! the 
aorta was cross-clamped and the right atrium was 
opened to reveal a defect about 1 cm. in diameter 
between the right atrium and the root of the aorta. 

No associated defects were found on close in- 
spection of the tricuspid valve and right ventricle. 
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Fig. 2. A, Preoperative chest radiograph, showing right pleural effusion and cardiac enlargement. 
B, Postoperative radiograph, showing restoration of normal cardiac silhouette. 


With intermittent aortic occlusion, the fistula was 


closed by means of interrupted 3-O mattress sutures, 
which were subsequently tied over an Ivalon pledget, 
thus sealing the breach securely, The atrium was 
then closed with 3-O silk sutures. The total period 
of perfusion was 39 minutes. Sinus rhythm with 
occasional ectopic beats had persisted throughout 
the procedure, and the electroencephalogram re- 
mained normal. The patient’s recovery following 
the operation was dramatic; a striking feature was 
the almost immediate disappearance of all signs of 
tricuspid incompetence and a rapid return of the 
liver to normal. 

Clinical support for complete closure of the defect 
was inferred from the absence of any residual 
murmurs or signs of tricuspid incompetence. The 
patient left the hospital on the twenty-second 
postoperative day and soon returned to work. 
Six months later, no abnormal signs were elicited; 
the chest radiograph was normal (Fig. 2,B). The 
electrocardiogram showed increased voltage and 
slight slurring of the terminal QRS complex (Fig. 
3,B), probably a normal variant. 


Comment 


Acquired communications between the 
aorta and right-sided heart chambers 
constitute a grave threat to cardiac func- 
tion; the duration of life depends on the 
size and site of the shunt. Our knowledge 
of the natural history of this sequence of 
events is derived largely from descriptions 
of cases of rupture of the sinuses of Val- 
salva. Aneurysms at this site are most 
frequently due to congenital weakness, 


Table 1. Cardiac catheterization 


Oxygen 
Site Pressure (mm. Hg) saturation (%) 


High SVC 
Low SVC 
High RA 
Mid RA 
Orifice of IVC 


15 2 (Mean 10.5) 


30 0-10 
22/14 
100,62 


Systemic flow: 6.7 L./min. 

Pulmonary flow: 10.9 L./min. 
Left-to-right shunt: 4.2 L./min. 
Pulmonary vascular resistance: 1.4 units 


but may also be the result of acquired 
pathology, such as syphilitic or mycotic 
aortitis. Uncomplicated aneurysms are 
not attended by signs or symptoms in the 
great majority of cases.?* However, their 
rupture is accompanied by a distinctive 
clinical constellation, which was _ fully 
described by Thurnam,‘ in 1840, and 
more recently by Maud Abbott,’ in 1919, 
and which frequently permits the timing 
of this event to be accurately established. 
Thus, analysis of 37 cases of ruptured 
sinuses reported in the literature up to 
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1957, indicated a mean survival time of 
3.9 years following rupture. If 2 patients 
who lived for 10 and 15 years are excluded, 
this mean drops to 1 year®; death in the 
majority of cases was due to cardiac fail- 
ure, and in a minority to bacterial endo- 
carditis. The chamber into which a sinus 
ruptures has some bearing on the sympto- 
matology. A defect between the aorta and 
pulmonary artery simulates an acute form 
of patent ductus arteriosus, and because 
the lungs and left heart are immediately 
involved, severe symptoms generally ensue 
and lead to death within days or weeks.’ 
Rupture of the aorta into the right ven- 
tricle has similar effects, but provided that 
other vital structures, such as junctional 
tissue and coronary vessels, remain intact, 
the outlook improves when the break 
occurs more proximally between the aorta 
and the right atrium or superior vena 
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cava.’ The latter two structures dilate, 
and thus partially dissipate the kinetic 
energy and volume effect of an influx of 
arterialized blood under high pressure, 
thereby relieving the strain on the pulmo- 
nary circuit and left heart. However, 
signs of systemic venous engorgement 
may then be more pronounced, as in our 
patient, and the systolic influx of blood 
into the right atrium may produce hemo- 
dynamic signs very similar to those of 
tricuspid incompetence. Rupture of the 
root of the aorta into the right ventricle, 
with resultant right ventricular failure 
and functional tricuspid incompetence, 
may produce clinical signs indistinguish- 
able from those of aortico-right atrial 
fistula; and since some arterialization may 
then be encountered at the atrial level, 
cardiac catheterization may also be mis- 
leading. The tricuspid valve may itself 


Fig. 3. A, Preoperative ECG, showing widespread T inversion. 
B, Postoperative ECG, showing return to normal. 
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RV. 


Fig. 4. A, Right atrial pressure tracing. The large systolic wave composed of partially 
fused A, C, and V waves suggests tricuspid incompetence. B, Right ventricular pressure 
tracing. The elevated end-diastolic pressure suggests a failing chamber. 


be deformed by the aneurysm, or damaged 
in traumatic cases, with resultant tricuspid 
incompetence. 

Thus, three possible mechanisms may 
be associated with the dynamic changes 
of tricuspid incompetence, and the methods 
described above are clearly inadequate to 
distinguish which is operative in a given 
case. The fistulous murmur is likely to 
obscure any possibly associated murmur 
of tricuspid incompetence, and the dy- 
namic effects of tricuspid incompetence, 
as reflected in the jugular veins and right 
atrial pressure tracings, may be closely 
simulated by a leak from the aorta into 
the right atrium. When indicated, the use 
of dye-dilution and cineangiocardiographic 
techniques may provide the answer, al- 
though final diagnosis may usually be 
deferred until atriotomy. Correction by 
operation is clearly indicated whenever 
possible, in view of the grave prognosis 
of untreated cases, and reports of successful 
repair are appearing with increasing fre- 
quency.®-!° 

The foregoing observations can only 
infrequently be related to cases of trau- 
matic aortico-right heart fistulas. Such 
lesions are generally rapidly fatal, but 
occasionally, as in our case, a prompt 
operation may remove the danger associ- 
ated with the external heart wound, while 


leaving an intracardiac shunt which can 
later be dealt with in definitive fashion. 
A few reports of repaired traumatic aortico- 
right ventricular fistulas have already 
appeared."-" In the available literature 
no other example of successful surgical 
repair of traumatic aortico-right atrial 
fistula could be found. 


Conclusions 


A case of traumatic aortico-right atrial 
fistula caused by a stab wound in the 
chest is described. Right heart failure 
rapidly developed and promptly regressed 
following successful open-heart closure of 
the defect. 


We wish to thank Dr. A. Landau and Dr. R. 
Hewitson for referring the case for study and treat- 
ment, and the Superintendent, Dr. J. Burger, for 
permission to publish. We should also like to ac- 
knowledge the assistance received from our techni- 
cians Mr. L. W. Piller and Miss S. Joseph. 
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Clinical review 


First Admission (A pril 7, 1959 to April 10, 1959). 

This 74-year-old white boy was admitted to Pres- 
byterian-St. Luke’s Hospital on April 7, 1959, with 
a history of a known heart murmur and a precordial 
bulge since birth. The heart murmur was discovered 
immediately following a normal delivery; there was 
not then nor had there ever been cyanosis. He had 
always been active and there was no limitation 
of activity, although his mother noticed some 
dyspnea on strenuous exertion, such asrunning upa 
flight of stairs. There was no history of squatting, 
orthopnea, ankle edema, syncope, hypertension, 
or chest pain. 

PHYSICAL EXAMINATION. The blood pressure was 
110/68 mm. Hg in the left arm, and 114/72 in 
the right arm. The pulse was 84 per minute and 
regular. The child appeared to be within the lower 
limits of development for the stated age. The 
tonsils were enlarged but not inflamed. The lungs 
were clear. There was a marked precordial bulge. 
The cardiac apex was in the anterior axillary line 
at about the fifth or sixth left intercostal space. 
On auscultation the first heart sound at the apex 
was loud. The second heart sound was not audible 
at the apex. At the base the first heart sound was 
not audible. The second heart sound was loud and 
lightly split and more prominent to the left of the 
sternum. There was a very loud crescendo-de- 
crescendo systolic murmur occupying the entire 
systolic phase, audible throughout the precordium 
but loudest in the second and third left intercostal 
spaces. In the same area there was a loud, rumbling 
diastolic murmur, decrescendo in character. The 
peripheral pulses, including the femorals, were 
bilaterally strong and regular. There was no club- 
bing, venous distention, or edema. 

LABORATORY DATA. The hematocrit was 40; 
hemoglobin, 13.6 Gm. per cent; white blood cell 
coufit, 6,450, showing 42 per cent lymphocytes, 
54 per cent neutrophils, 4 per cent bands, 2 per 


cent monocytes. The urinalysis was normal. The 
Hanger test was negative; thymol turbidity was 
3.9 units. The serology was negative. The electro- 
cardiogram was interpreted as showing right heart 
strain and suggesting right ventricular hypertrophy. 
Cardiac fluoroscopy and chest x-ray films showed 
cardiac enlargement, probably right ventricular. 
There was vigorous pulsation of the enlarged 
pulmonary arteries which was greater on the left. 
The right pulmonary artery appeared much less 
enlarged. The lungs were undervascularized. There 
was difficulty in entering the pulmonary artery on 
cardiac catheterization. The results of catheteriza- 
tion are shown in Table I. 

Second Admission (May 7, 1959 to May 13, 1959). 
The patient was readmitted on May 7, 1959, for 
further study and treatment. 

PHYSICAL EXAMINATION. The blood pressures (mm. 
Hg) were: right arm, 115/70, left arm, 115/80, 


Table |. Catheterization findings 


Oxygen 
content Pressure 


Position of the catheter 
(vol. %) (mm. Hg) 


Superior vena cava ; 2/0 
Upper right atrium j 2/0 
Middle right atrium : 2/0 
Lower right atrium 
Inferior vena cava 
Right ventricle, inflow tract , 75/0 
Right ventricle, outflow tract : 75/0 
Main pulmonary artery : 25/8 
Left pulmonary artery ; 25/8 
Right pulmonary artery ‘ 25/8 
Femoral artery 70/50 
Capacity 
Saturation 


From the Presbyterian-St. Luke's Hospital, Chicago, III. 
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right leg, 128/80. The pulse was 100 and regular. 
The chest was clear. Forceful Grade 4 systolic and 
Grade 2 diastolic thrills were present over the 
entire precordium, particularly at the left sternal 
border at the fourth intercostal space. The systolic 
thrill was present in the neck. There was a Grade 
5 harsh, systolic murmur at the left sternal border 
in the fourth intercostal space, which was trans- 
mitted to the back, entire chest, below the dia- 
phragm, neck, and arms to the elbows. A loud 
diastolic murmur was heard over the same area 
and transmitted to the entire precordium and be- 
tween the scapulae. This diastolic murmur was 
rough and not blowing. There was no edema, 
cyanosis, or unusual peripheral vascular findings. 

LABORATORY DATA. The hemoglobin was 12.7 
Gm. per cent; white blood cell count, 6,400, showing 
73 per cent neutrophils, 2 per cent bands, 24 per cent 
lymphocytes, and 1 per cent eosinophils. The 
urinalysis was negative. A chest x-ray film showed 
the heart to be enlarged to the left, and there was a 
marked increase in the size of the pulmonary arteries. 
There was an increase in the vascularity of the 
lungs, with the exception of the right lower lobe. 
A venous angiogram demonstrated a large right 
ventricle and large pulmonary arteries. There was a 
blanching of the right ventricular contrast by a 
shunt. No infundibular or pulmonary valvular 
stenosis was identified. The aorta was small and 
dextroposed and displaced anteriorly. An electro- 
cardiogram was thought to be compatible with right 
ventricular hypertrophy, possibly combined with 
left ventricular hypertrophy, with right ventricular 
hypertrophy predominant. 

HOSPITAL COURSE. On May 12, the patient under- 
went a reparative operation with cardiopulmonary 
bypass. Postoperatively, the patient bled con- 
siderably and went into shock, necessitating several 
transfusions. He was reopened but no actual point 
of bleeding could be found. Numerous oozing 
points were stopped and the chest was closed again. 
After that episode the patient went into cardiac 
arrest about 11% hours after the second operation. 
The chest was opened, the heart massaged, and with 
supportive therapy the heart was brought back to 
normal sinus rhythm. About a half hour after the 
chest was closed the patient went again into cardiac 
standstill and expired. 


DR. GASUL: On the basis of the history of 
this 714-year-old white boy, I may state 
that this patient had a noncyanotic type of 
congenital malformation of the heart. I can 
definitely exclude all serious forms of the 
cyanotic types of congenital malformation 
with the following exceptions: mild, clinic- 
ally noncyanotic type of tetralogy of Fallot; 
anomalous entrance of all pulmonary veins 
into the supracardiac area with an atrial 
septal defect; truncus communis with large 
pulmonary arteries and mild forms of an- 
atomic Eisenmenger complex. Although 
patients with the conditions just mentioned 
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almost always reveal some peripheral ar- 
terial oxygen unsaturation, they may ap- 
pear clinically as belonging to the noncy- 
anotic type. The arterial oxygen unsatura- 
tion is often not recognized clinically until 
it is below 80 per cent or even lower. 

On the basis of the physical examination 
and conventional laboratory tests, we can 
state the following: the heart is definitely 
enlarged; it is in the fifth or sixth left inter- 
costal space in the anterior axillary line, 
and the presence of a precordial bulge usu- 
ally signifies right ventricular hypertrophy ; 
the normal femoral pulses and the normal 
blood pressures exclude a coarctation of the 
aorta; the very loud pansystolic murmur, 
maximal at the second and third left inter- 
costal spaces, signifies the presence of a ven- 
tricular septal defect. This murmur obliter- 
ates the first heart sound at the base and 
the second heart sound at the apex. This 
proves that the murmur is pansystolic and 
differentiates it from a loud ejection systolic 
murmur due to pulmonary and/or aortic 
valvular stenosis, because the latter starts 
after the first heart sound and ends before 
the closure of the involved valve. The sec- 
ond heart sound at the base is reported to 
be loud and lightly split. It is of the utmost 
importance to analyze this second sound. 
Does the “lightly split’? mean a single 
sound, or that the second component (the 
pulmonic closure) of the second sound is 
diminished in intensity? 

In tetralogy of Fallot the second sound at 
the base is usually single and loud because 
only the closure of the aortic valve is heard 
at this area. There usually is no splitting of 
the second sound at the pulmonary area 
because an insufficient amount of blood 
enters the pulmonary vessels under the 
lower-than-normal pressure. In mild cases 
of tetralogy of Fallot one may hear the 
closure of the pulmonary valve because the 
stenosis is not marked and a greater amount 
of blood enters the pulmonary artery. But 
even in these mild cases the pulmonary 
component of the second sound is dimin- 
ished in intensity and is delayed. Therefore, 
the statement in the protocol that the sec- 
ond sound is loud and lightly split most 
probably means that it was single. It was 
certainly not delayed. 

We can exclude the presence of valvular 
pulmonary stenosis with a normal aortic 
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root, i.e., isolated pulmonary stenosis, be- 
cause of the pansystolic murmur and a 
single loud second sound at the pulmonary 
area. In isolated pulmonary stenosis, one 
hears an ejection type of systolic murmur 
which begins after the first heart sound and 
ends before the closure of the pulmonic 
component of the second sound. This pul- 
monic component is always delayed, and 
diminished in intensity, so that one, there- 
fore, hears a weak second sound. In the 
vast majority of all these patients a high- 
frequency systolic click is heard following 
the first heart sound, and we believe that 
this early systolic click is a result of the 
opening of the stenosed and thickened pul- 
monary valve. Its pathogenesis is similar 
to the opening snap of the stenosed mitral 
valve that one hears in mitral stenosis. In 
extremely severe cases of isolated pulmo- 
nary stenosis with practically no move- 
ments of these cusps, this early click is, as 
would be expected, not heard. In some of 
these patients the pulmonary component 
of the second sound also cannot be heard, 
although the phonocardiogram will usually 
show this markedly delayed and low-in- 
tensity pulmonic closure. However, these 


Am. Heart J, 
January, 1961 


Fig. J. Posteroanterior chest radio- 
graph, showing large pulmonary ar- 
teries, moderately enlarged heart, and 
translucent right lower lobe. 


patients with severe isolated pulmonary 
stenosis still have an ejection type of sys- 
tolic murmur and they are usually defi- 
nitely cyanotic, either because of a right- 
to-left shunt at the atrial level (through 
the foramen ovale or atrial septal defect) 
or because of a marked increase in periph- 
eral arteriovenous oxygen difference. 

The presence of a loud, rumbling diastolic 
murmur in the second and third left inter- 
costal spaces presents a real diagnostic 
problem because one does not hear this 
murmur in either tetralogies or in isolated 
pulmonary stenosis. I shall comment on 
this later. 

Examination of the roentgenograms 
(Figs. 1 and 2) reveals enlargement of the 
right ventricle and no enlargement of the 
left atrium, and the pulmonary arteries, 
especially the left one, are markedly en- 
larged and pulsate vigorously on fluoro- 
scopic examination. The lungs, particularly 
on the right side, are undervascularized. 

I would now like to see these roentgeno- 
grams and to hear Dr. Buenger’s interpre- 
tation. 

DR. BUENGER: The significant findings in 
the angiocardiogram (Fig. 3) are confined 
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Fig. 2. Lateral chest radiograph, show- 
ing marked right ventricular hyper- 
trophy and absence of left atrial en- 
largement. 


to the right side of the heart. There is a 
blanching of the outflow tract due to a left- 
to-right shunt. Because of this, the size of 
the infundibulum is not discerned, but the 
area just below the pulmonary valve does 
not appear to be stenosed. The pulmonary 
valve cusps are never visualized. There is 
no valvular stenosis. The main pulmonary 
artery is very large, as is the left main 
branch. The right pulmonary artery is 
large but not markedly so. There is a very 
striking lack of vascularization of the right 
lower lobe, but the pulmonary artery 
trunks leading to it appear no smaller than 
those leading to the other lobes of both 
lungs. This suggests a localized vascular 
stenosis or marked lobular emphysema. 
The rest of the lung appears to have nor- 
mal vascularity. 

DR. GASUL: The electrocardiogram which 
I am now examining reveals a right axis 
deviation. The R in Lead aVpg measures 8 
mm., and the R in Lead V; is 10 mm. 
There is a definite S wave present in Lead 
V2. This is an adaptation type of right ven- 
tricular hypertrophy, and it signifies that 
the pressure in the right ventricle is not 
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higher than that in the left ventricle. If the 
pressure in the right ventricle is higher than 
that in the left ventricle, as occurs in se- 
vere, isolated pulmonary stenosis, the elec- 
trocardiogram often shows the barrage or 
systolic overfilling type of right ventricular 
hypertrophy. I like the term ‘adaptation 
type of right ventricular hypertrophy” 
because this clearly defines that in the pres- 
ence of an associated ventricular septal de- 
fect the right ventricle ‘‘adapts itself’’ to 
the pulmonary stenosis and sends some 
blood through the “hole” in the septum 
into the aorta. In severe, isolated pulmo- 
nary stenosis the right ventricle has no 
other outlet and must empty its contents 
through the stenosed area only, into the 
pulmonary circulation. 

Cardiac catheterization confirms the 
presence of a right-to-left shunt at the ven- 
tricular level and the presence of pulmo- 
nary stenosis. The report does not state 
whether there was infundibular and/or 
valvular stenosis present. The pressure in 
the right ventricle is 75/0 mm. Hg, and in 
the pulmonary artery, 25/8 mm. Hg. The 
pressure in the femoral artery is noted to be 
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70/50 mm. Hg, and yet the pressures in 
the arms on two different occasions were 
110/68 and 115/70 mm. Hg. Evidently the 
pressures in the arms, in the femoral artery, 
and in the right ventricle were not taken 
simultaneously, but even at that, these 
findings confirm the well-known fact that 
the pressure in the right ventricle approxi- 
mates that in the left ventricle in patients 
with pulmonary stenosis and large ventric- 
ular septal defects and cannot be consider- 
ably higher than that in the systemic circu- 
lation. 

As a result of all these findings, we can 
now definitely state that the patient has a 
ventricular septal defect and either infundib- 
ular or (and) valvular pulmonary stenosis. 
One cannot, however, exclude with cer- 
tainty the presence of only a large ventricu- 
lar septal defect with marked hypertrophy 
of the crista supraventricularis without 
definite infundibular and/or pulmonary 
stenosis. 

The. most puzzling findings in this pa- 
tient are the presence of a rumbling di- 
astolic murmur in the second and third 
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Fig. 3. Lateral angiocardiogram at 
1-1/16 second, showing blanching of 
right ventricle due to left-to-right 
shunt, lack of visible infundibular 
stenosis, nonvisible pulmonary valve 
leaflets, and tremendously dilated 
pulmonary arteries. 


left intercostal spaces and the vigorous 
pulsations of the enlarged pulmonary ar- 
teries in the presence of ‘‘undervascular- 
ized lungs.’’ This latter condition can be 
confirmed by the angiocardiographic find- 
ings, which, in addition, reveal definite 
blanching of the outflow tract of the right 
ventricle due to left-to-right shunt at the 
ventricular level and some anterior dis- 
placement of the ascending aorta. 

What can make the pulmonary arteries 
pulsate in the presence of pulmonary ste- 
nosis and insufficient pulmonary blood 
flow? An associated patent ductus ar- 
teriosus or aortic septal defect can be ex- 
cluded on the basis of the cardiac catheteri- 
zation findings. I have seen this vigorous 
pulsation of the pulmonary arteries in a 
patient who developed pulmonary hyper- 
tension a number of years after a Potts 
operation, but this, also, is not the case 
here. There remain two other possibilities: 
absence of the pulmonary valve and/or 
the presence of stenosis of the branches of 
the pulmonary arteries. I have seen a num- 
ber of patients with stenosis or coarctation 
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Fig. 4. Right ventricular view, showing 
absent pulmonary valve, lining of 
slightly narrowed pulmonary orifice by 
fibrous ridges, partially removed in- 
fundibular muscle mass, and_partially 
closed septal defect. 


of the branches of the pulmonary artery 
which was diagnosed on clinical and con- 
ventional laboratory findings, and several 
cases of tetralogy of Fallot with absent pul- 
monary valve have been reported in the 
literature. I have seen the latter at autopsy 
but have not diagnosed this entity during 
life. 

In summary, I may state the following: 
the findings here are a large ventricular sep- 
tal defect and a mild degree of infundibular 
stenosis, and this usually signifies a non- 
cyanotic type of tetralogy of Fallot. In ad- 
dition, this patient presents evidence of 
associated stenosis of the branches of the 
pulmonary artery, especially of the right 
branch, and/or absence of the pulmonary 
valve. 

DR. JULIAN: The diagnosis of tetralogy of 
Fallot was made in this patient at the time 
of operation. The distribution of the supply 
of coronary arteries over the surface of the 
heart and the positioning of the great ves- 
sels at the base indicated this diagnosis. 
The heart was opened, therefore, through 
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the right ventricle, and a very difficult in- 
terventricular septal defect was found and 
repaired. The infundibular stenosis was 
compensated for by myomectomy, and it 
was discovered during the operation that 
the pulmonary valve was represented only 
by a small, irregular rim of condensed tissue 
around the valve ring, which was itself 
approximately normal in size. The post- 
operative course in this patient was dis- 
astrous because of the occurrence of post- 
operative bleeding. The chest wound was 
reopened and the diffuse bleeding was con- 
trolled. This control was necessary a second 
time, and during this period, cardiac arrest 
occurred and necessitated a period of man- 
ual systole. The importance of mentioning 
the manual systole lies in its destructive 
effect on the intracardiac repairs. We suc- 
ceeded in resuscitating the heart, but only 
temporarily. An important clinical point 
in regard to this patient is that he had a 
Fallot deformity without peripheral arterial 
desaturation. The application of surgery 
in such acyanotic cases of tetralogy of Fal- 
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lot is quite different than in cases of pulmo- 
nary stenosis. 

DR. TRUEHEART: The heart was enlarged. 
This was due mostly to a tremendous hy- 
pertrophy and dilatation of the right ven- 
tricle (Fig. 4). The crista had been surgi- 
cally altered. It was, therefore, difficult to 
tell how much stenosis of the infundibulum 
there had been. The pulmonary orifice was 
somewhat smaller than normal. There was 
no pulmonic valve. In its place there was a 
low rim of valve-like tissue. In the right 
ventricle beneath this rim there was an- 
other band of thick, fibroelastic tissue, 
which, thus, aided in the formation of a 
separate, small infundibular chamber. The 
pulmonary trunk and the right and left 
pulmonary arteries were markedly dilated 
up to the hili of the lungs, and the wall of 
the pulmonary trunk was thickened. The 
secondary branches of both pulmonary 
arteries were relatively small, as compared 
to the arteries themselves, but it could not 
be stated that they were smaller than nor- 
mal. 

The left ventricle was normal in size and 
thickness. The ventricular septum at its 
base presented a defect which measured 
about 1.5 cm. in greatest dimension (Fig. 
5). This was covered by a Teflon patch but 
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Fig. 5. Left ventricular view, showing 
defect of ventricular septum. 


a residual defect remained. The aorta strad- 
dled the interventricular septum, emerging 
from both ventricles. The various points 
of surgical intervention related to the car- 
diopulmonary bypass showed no abnor- 
mality. There was 500 c.c. of bloody fluid 
in each side of the chest cavity. The an- 
terior portions of the right upper and lower 
lobes showed small infarcts. In addition, 
microscopically, both lungs showed severe 
pulmonary edema and _ hemorrhage, ac- 
companied by inflammatory cells. 

In summary, then, the clinical diagnosis 
made by Dr. Gasul is borne out by the 
pathologic findings. We are dealing with 
tetralogy of Fallot with absence of the pul- 
monary valve. This syndrome and patho- 
logic complex were recently described by 
Miller, White, and’ Lev.! We do not know 
the anatomic base of the lack of vasculari- 
zation of the right lower lobe. 


Diagnosis: Acyanotic tetralogy of Fallot with 
absence of the pulmonary valve 
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Notes on cardiovascular disease in Africa 


As encountered by an American physician 


on a brief visit to that continent 


in March and April, 1959 


A cardiological tour of several countries in Africa 
in the spring a year ago was of such great interest 
to me, and quite possibly to others, that I am sub- 
mitting this brief account to the Journal. 

Invited by the students of the University of Cape 
Town to spend three weeks there and one week at 
the Witwatersrand Medical School in Johannesburg, 
I traversed the length of Africa on the east, stopping 
in Cairo, Egypt, in Nairobi, Kenya, and in Kampala, 
Uganda, to visit the hospitals and medical schools, 
in order to determine the amount of cardiovascular 
disease in those places. On the way home from 
Johannesburg, I stopped in Leopoldville in the 
Belgian Congo and in Brazzaville and Lambaréné 
(the location of Dr. Schweitzer’s hospital) , the latter 
in the Republic of Gabon, formerly a part of French 
Equatorial Africa. 

Through the kindness of many of the physicians 
in those cities, I was given the opportunity to ex- 
amine patients, to see autopsy material, and to go 
over hospital and statistical records in order to 
accumulate some idea of the frequency of the dif- 
ferent kinds of heart disease and of cardiovascular 
disease as a whole in much of Africa. I did not visit 
the northwestern part of the continent, but I have 
been told that somewhat the same situation exists 
in the southern part as we found in the republics of 
the Congo and Gabon. In the northernmost part 
of West Africa there is apparently some similarity 
with the findings in Egypt. 

Let me take up the various kinds of heart disease 
as I saw them or as I was told about them on this 
African visit. 

Congenital heart disease I found everywhere, quite 
possibly in the same relative degree as we see it our- 
selves, although, as a rule, there are only crude 
statistics available. Patency of the ductus arteriosus, 
septal defects, and the tetralogy of Fallot are not 
at all rare, and here and there, surgical correction 
of these lesions is being carried out, especially in 
South Africa. 

Rheumatic heart disease is common in all the 
countries I visited, and ranks about even with hy- 
pertensive heart disease in Egypt and in South 
Africa. It is somewhat less common than hyperten- 
sive heart disease in Equatorial Africa. Rheumatic 
fever, as such, is often difficult to recognize, but the 
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valvular lesions which result from it are quite com- 
mon, and a number of lesions are being corrected 
surgically, especially, of course, mitral stenosis. 

Syphilitic cardiovascular disease is becoming rare 
throughout Africa, although in some less advanced 
areas, several per cent of the cardiovascular cases 
are still due to syphilis. 

Infestation by Schistosoma (the Bilharzia parasite) 
is quite common in certain areas, especially Egypt 
and East Africa. It is responsible in some places for 
a third of all the cases of hypertension and at least 
a few of the cases of chronic cor pulmonale. 

Cor pulmonale due to pulmonary disease and 
obstruction of the pulmonary circulation is quite 
frequent in many of the countries. Apparently, it is 
due largely to fibrotic changes in the lungs secondary 
to infection or to emphysema, but also, although 
much less commonly, to actual blocking of the pul- 
monary circulation by the Bilharzia ova. 

One of the most interesting of my medical ex- 
periences was the finding of two other types of heart 
disease which are rare in the Western world. The 
most extraordinary is that which has been called 
by Davies, of the Makerere Medical School in Kam- 
pala, Uganda, endomyocardial fibrosis (with or with- 
out elastosis, which as such is a different entity). 
Although it is rarely seen elsewhere in Africa, this 
condition of extensive deformity of the heart muscle, 
in particular by fibrosis and calcification, is quite 
common in East Africa among the Blacks. It ranks 
there about even in prevalence with rheumatic 
heart disease, and, on occasion, resembles it clin- 
ically, often occurring as it does in relatively young 
adults. Dr. Davies showed me many examples in 
his collection of pathologic specimens, and I saw 
a few clinical cases. The cause of this fantastic 
disease is unknown. It has been variously attributed 
to infection, to malnutrition, and to other factors 
ill defined. 

A second type of unusual heart disease that I 
encountered occasionally in all parts of Africa is 
probably somewhat like that which we see elsewhere 
in the world, namely, cardiac enlargement and failure, 
mostly left ventricular, of unknown cause, which 
occurs at all ages. I saw a number of such specimens 
and cases, especially in South Africa. 

Pericarditis is common in Africa, including that 
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associated with rheumatic heart disease and myo- 
cardial infarction. The usual infectious factors are 
to blame, particularly viral and tuberculous factors. 
As a result of the more effective treatment of tuber- 
culosis by antibiotics in the last few years, more 
cases of constrictive pericarditis have been seen 
recently in Egypt, and now are being more actively 
treated by pericardial resection. When tuberculosis 
as an infection decreases, there will be less of this 
type of operation to perform. 

Hypertensive heart disease is common everywhere, 
and is actually, I believe, the most common of all 
types of heart disease throughout the continent. 
Why hypertension is so common is not at all clear, 
but it is apparently found even in the remote parts 
of the jungle, although much more investigation as 
to this matter needs to be made. This subject is of 
considerable interest because we have long wondered 
whether hypertension in the American Negro has 
been acquired since his arrival in the Western world. 
Hypertension accounts for as much as 50 per cent or 
even more of all cardiovascular cases in tropical 
West Africa. Cerebrovascular involvement does oc- 
cur, but much less commonly than the cardiac 
sequelae. 

Finally, coronary heart disease varies extra- 
ordinarily in its prevalence in Africa. It is quite 
common in Egypt, especially among the well-to-do, 
and also in East and South Africa among the Whites 
and East Indian populations, but it is very rare, 
at least in youth and middle-aged persons, among 
the Blacks, especially the Bantus. In the Bantus, 
atherosclerosis of the coronary arteries of moderate 
degree is found in the oldest age group, but it rarely 
leads to involvement of the heart, and then only at 
a very different age than in the Whites and East 
Indians. This situation is somewhat like that found 
in Southern Japan, where the disease is most prev- 
alent among the older age group, and in this 
respect there is a difference of about 25 years of 
age between the Southern Japanese on Kyushu at 
Fukuoka and the Bostonians in the U.S.A. repre- 
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sented at autopsy at the Massachusetts General 
Hospital. A comparison of the degree of coronary 
atherosclerosis in 350 Japanese adults with that seen 
in a similar number of adults at the Massachusetts 
General Hospital showed the same levels in the 
Boston population at the age of 45 years as in the 
Fukuoka population at the age of 70 years. The 
reason for this great discrepancy in the degree of 
coronary atherosclerosis and its effect on the heart 
through the complication of thrombosis is one of 
the prime reasons for the need to intensify inter- 
national epidemiological cardiovascular research. 
Whether race plays a role or, more likely, whether 
the ways of life are the cause, we do not know yet 
for certain, but it is true that the Bantu is just 
beginning to emerge from his primitive ways of 
life, under the influence of which in the past he has 
been much undernourished and yet usually more 
active physically than his white neighbor. The 
mixed Colored population of Cape Town holds 
an intermediate position, as to the prevalence of 
coronary heart disease, between the extremes found 
among the Whites, on the one hand, and the Bantus, 
on the other. 

Arrhythmias, neurocirculatory asthenia, and car- 
diac neurosis seem to be universal throughout Africa, 
as in other parts of the world. 

In conclusion, I believe that much _ profitable 
cardiovascular epidemiological research can be done 
in Africa to increase our knowledge of the factors 
responsible for heart disease, and that such research 
can eventually lead to protection of people through- 
out the world from the heart diseases still found in 
youth and middle age. 

Paul D. White, M.D.* 
Boston, Mass. 


*The author will be glad to refer the reader to tables of the 
racial incidence of different types of cardiovascular disease 
in Egypt, East Africa (Kenya and Uganda), Cape Town 
(South Africa), and Leopoldville (the Belgian Congo). 


Right ventricular hypertension 
as a cause of precordial pain 


Chest pain like that of angina pectoris due to coro- 
nary atherosclerosis is frequently encountered in 
young individuals who suffer from a variety of 
circulatory abnormalities associated with high right 
ventricular pressure. We have recently observed 
such a patient, a 19-year-old farm boy with exer- 
tional chest pain in whom a positive electrocardio- 
graphic exercise test showed a 2-mm. depression of 
the S-T segments after standard exercise. In this 
patient with a “typical ischemic’’ response to exer- 


cise, pulmonary hypertension was associated with 
a large patent ductus arteriosus. The patient died 
during operation, and at autopsy the coronary 


arteries were found to be normal. The myocardial 
ischemia responsible for the anginal pain was pre- 
sumed to be the result of altered hemodynamics. 
Similar pain in the presence of normal coronary 
arteries has been reported in patients with pul- 
monary stenosis. The finding of fibrosis of the right 
ventricle in patients with this disease supports the 
conclusion that the pain originates in an ischemic 
right ventricle.! 

The right ventricular systolic pressure is normally 
less than the diastolic pressure in the aorta, and 
hence right ventricular coronary flow continues 
throughout systole, whereas left ventricular coro- 
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nary flow ceases.2 The systolic right ventricular 
intracavitary pressure is, therefore, an important 
determinant of right ventricular coronary flow, and 
ischemia might be anticipated in association with 
elevated right ventricular pressure. Right ventricular 
hypertension cannot be the only factor involved, 
since right ventricular pressures of the same or 
greater magnitude are found in the presence of 
ventricular septal defects in association with either 
pulmonary stenosis or pulmonary vascular disease, 
yet angina pectoris does not occur.® 

In the presence of an intact intraventricular 
septum, right ventricular pressure may exceed left 
ventricular pressure, especially in patients with 
pulmonary stenosis. When the septum is intact, 
the diastolic pressure in the hypertensive right 
ventricle may be elevated and exceed the diastolic 
pressure in the left ventricle. With a large ventricular 
septal defect, pressures in the two ventricles remain 
equal throughout the cardiac cycle. It may be that 
the effect of these diastolic pressure relationships 
on the collateral circulation in the heart explains 
the presence of angina pectoris only in patients with 
right ventricular hypertension and an intact septum. 
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The fact that angina pectoris is not universally 
present in association with right ventricular hyper- 
tension seems best explained by the normal vari- 
ability in the anatomy of the coronary circulation. 
The available clinical observations indicate that the 
chest pain of patients with pulmonary stenosis and 
pulmonary hypertension is the result of right ven- 
tricular myocardial ischemia secondary to reduced 
coronary flow. It seems reasonable to explain the 
reduced coronary flow on the basis of the elevated 
right ventricular intracavitary pressure during both 
systole and diastole. 
Richard S. Ross, M.D. 
Baltimore, Md. 
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Control of body fluid volume 


The volume of fluid in the body is controlled within 
narrow limits, for 70 per cent of the adult body is 
fluid, and when measured under standardized con- 
ditions, total body weight varies less than +1 per 
cent over long periods, as Fowler! has shown. Al- 
though the stability of this volume in normal people 
has been recognized since the work of Henderson,? 
the mechanism by which this regulation is accomp- 
lished has not been adequately explained. 
Variations in temperature, growth, and control of 
osmotic pressure of the body fluids influence the 
water content of the body. If, after the effects of these 
systems have been accounted for, independent con- 
trol of the volume of body water occurs, then one 
must postulate that volume control per se exists. 
Since Peters? first discussed the concept of a “volume 
receptor,” many workers have examined this prob- 
lem. Borst‘ postulated that the vascular compart- 
ment monitored changes in fluid volume to alter 
cardiac filling pressure and output; changes in 
cardiac output cause variation in the amount of 
sodium and water retained. Lowe and Sayers’ made 
clinical observations on edematous patients and 
concluded that a volume-controlling mechanism ex- 
isted with volume-disturbing and volume-restoring 
components, and that the sensitivity of this mech- 
anism was altered in edematous states. Recently, 
Lowe® has presented data collected from normal 
individuals and those with a disturbance in their 
regulation of fluid storage. From these observations 
a hypothesis was elaborated. The body is regarded 
as a storage of a complex fluid in many compart- 
ments. Through the vascular compartment a con- 


tinuous inflow and outflow of solvent and solute 
occurs. The fluid in this compartment is monitored 
for osmotic pressure and changes in volume, and 
from this information the inflow and outflow of 
solvent is adjusted by means of a feed-back control, 
thus achieving self-regulation of the volume of the 
system. This view is challenging but reasonable 
and there is other evidence to support it. 

The osmotic pressure of the vascular compartment 
is controlled by the intake and excretion of water 
and salt. Verney? has shown that osmoreceptors 
in the hypothalamus respond to changes in tonicity 
of the extracellular fluid and so regulate the secretion 
of antidiuretic hormone by the neurohypophysis; 
the antidiuretic hormone ensures adequate retention 
of water by the renal tubules. With this mechanism 
functioning, the volume of extracellular fluid will 
depend on the amount of sodium present. This is 
normally controlled by the salt-retaining hormone, 
aldosterone, which is secreted by the zona glo- 
merulosa of the adrenal cortex and also acts upon the 
renal tubules. 

Experiments designed to show the relation be- 
tween the sodium in the vascular compartment and 
the secretion of aldosterone support the interpreta- 
tion that this is brought about by the effect of sodium 
on extracellular fluid volume. Bartter, Mills, Biglieri 
and Delea® compared changes in extracellular fluid 
volume produced by infused water, isotonic saline, 
and hypertonic saline loads with that produced by 
albumin, phlebotomy, and red cell reinfusion. It 
appeared that extracellular fluid volume exercised 
a control over the secretion of aldosterone. Occlusion 
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of the inferior vena cava above the liver increased 
the secretion of aldosterone. This increase was main- 
tained, after release of the constriction, if the vagi 
in the neck were divided during the experiments 
but not with the vagi intact. Vagal section alone 
did not alter the secretion of aldosterone. Similarly, 
it was found that constriction of the common carotid 
artery low in the neck produced increased secretion 
of aldosterone, but that this did not occur if the 
carotid sinus was denervated beforehand. McCally, 
Anderson and Farrell® placed sutures through the 
atria of dogs. Whereas traction on the right atrium 
depressed the secretion of aldosterone within an 
hour, stretching the left atrium was without effect. 
The afferent limb to release of aldosterone, therefore, 
appears to depend on an unusual physiologic mech- 
anism, in that the stimulus of decreased baroceptor 
stimulation leads to increased production of aldo- 
sterone, but removal of the stimulus alone will not 
reduce secretion. For this a second mechanism in- 
volving the vagus nerve is required. The evidence so 
far suggests that the receptors lie in the right auricle 
or great veins, although receptors at other sites may 
play some part. Pearce! found that vagotomy and 
denervation of the carotid sinus did not prevent 
the diuresis which followed expansion of the plasma 
volume with isotonic infusion. He concluded that 
additional receptors must contribute to the afferent 
component. 

Observations on dogs by Rauschkolb" and 
Farrell” suggested that the secretion of aldosterone 
was stimulated by a hormone from the brain. Recent 
work by Davis" and Denton, Goding and Wright™ 
has strengthened this view. Davis showed, by cross- 
circulation experiments, that if the blood from a 
dog with inferior vena caval obstruction was passed 
through the adrenals of a normal dog, the secretion 
of aldosterone increased, and fell again when the 
cross-circulation was stopped. Denton, Goding and 
Wright used trained conscious sheep with neck 
adrenal transplants for adrenal infusion and arterial 
cross-circulation experiments, measuring changes in 
salivary electrolytes, but not aldosterone itself. 
They found that changes in the concentration of 
electrolytes in the blood of the adrenals may be a 
contributory cause of changes in electrolyte-active 
steroid secretions occurring in sodium-deficiency but 
could not account for the whole range of function 
recorded. The cross-circulation experiments showed 
that there was a considerable stimulus to secretion 
from the adrenals of electrolyte-active steroid when 
the blood of a sodium-depleted, adrenally insufficient 
donor animal was passed through the adrenal trans- 
plant of another animal which was in normal sodium 
balance. Since this stimulation did not appear to 
be due to corticotrophin, action by a tropic hormone 
appears probable. The central integration of in- 
formation received from the afferent loop and the 
site of tropic hormone formation is unknown. 
Farrell® has recently reported that this hormone is 
concentrated in the region of the pineal and sub- 
commissural body. 

The raised levels of aldosterone in patients with 
edema and ascites make it clear that control does 
not depend upon total extravascular fluid volume. 
In these cases it can be argued, as Ross'® has sug- 
gested, that there is an increase in extracellular 
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volume, but not an increase in the area of the 
vascular compartment which monitors volume. Any 
disturbance, then, of Starling’s'? equilibrium will 
permit an excessive flow of water and solutes through 
the capillary wall, resulting in reduction of the 
vascular volume and stimulation of the aldosterone- 
secreting mechanism. If this capillary leak persists, 
hyperaldosteronism will continue to result in further 
retention of sodium and accumulation of fluid. In 
congestive cardiac failure, nephrosis, and the edema 
of hypoproteinemia the disturbance is general, and 
generalized edema will result when the lymphatic 
pathways are unable to drain the excess fluid. If 
the disturbance is localized, as in the case of elevated 
intrahepatic portal pressure, sequestration of fluid 
into the peritoneal cavity will occur. Courtice and 
Simmonds'® have shown that this fluid is drained 
principally by the lymphatics of the diaphragm 
into large collecting ducts in the thorax. As this 
system becomes fully loaded (and its carrying ca- 
pacity is large), ascitic fluid collects, reducing the 
effective plasma volume and setting in motion the 
process which leads to the retention of salt and 
fluid. 

Although many gaps remain in our knowledge of 
the control of body fluid volume, the pattern of the 
regulating mechanism is emerging. Receptors moni- 
tor the volume of some portion of the vascular 
compartment and so activate a neuronal-endocrine 
feed-back pathway which acts on peripheral targets 
to produce the changes essential for keeping body 
fluid volume within narrow limits. 


R. G. Wyllie M.B., B.S. 
Melbourne, Australia 
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Ultrastructure of coronary vessels 


The student of coronary heart disease, should he not 
be personally conversant with a variety of techniques 
and disciplines, depends on information obtained by 
the clinician, statistician, biochemist, physiologist, 
morbid anatomist, and histologist. The field is 
widening and the electron microscope is now becom- 
ing significant. 

The information on detailed structure that has 
become available in the last few years, in a variety 
of tissues, has not only been astonishing (both con- 
firming and extending observations made at the 
upper limits of resolution of the light microscope) 
but promises a thoroughly satisfactory integration 
of structural and functional findings. Every tissue 
has been illuminated and its intimate secrets re- 
vealed—even if many are still not understood. 

New techniques require different yardsticks. Here 
tissue fixation must be immediate—the slight delays 
that were apparently unimportant in ordinary 
histology allow serious demonstrable changes in fine 
cytological structure. Hence, at present, attention 
must usually be directed to experimental material 
to the exclusion of human tissues. Within this 
range, important information is obtainable. In 
addition to observations on muscle, others have been 
made on the ultrastructure of the various layers of 
blood vessels, from the aorta to the capillaries. In 
different vessels, endothelium,!* 4-7 elastic tissue,’ 
and smooth muscle®.’ have all been studied. 

In the coronary vessels the endothelial lining is 
a continuous sheet, the cells overlapping at their 
margins.®-?7 Some of these send processes through 
the internal elastic lamina, which is thus a fenes- 
trated sheet’; these may be important in the trans- 
fer of material to deeper layers. The phenomenon 
of uptake of material by cells—the pinocytosis 
described by Lewis,‘ in 1931—has now been observed 
at a new level.5 Other cytological details have been 
noted but their significance is still speculative. 

Atherosclerosis induced by the feeding of choles- 
terol has been studied in the aorta' and coronary 


arteries. Globules of material, presumably lipid, 
were apparent overlying endothelial cells in the 
stage of acute lipemia; some of these were porous, 
enclosing irregularly shaped vacuoles.* This material 
appeared to be also within and beneath the endo- 
thelial cells. 

The internal elastic lamina showed irregular focal 
swelling, with corresponding loss of density and of 
fine fibrillar structure. This was deduced to be due 
to solid solution of lipid in the elastic tissue. Changes 
in smooth muscle, such as formation of cytoplasmic 
vacuoles, and increase in intercellular collagenous 
material were also demonstrated. Such appearances 
in presumable muscle cells may support some of 
the earlier views regarding the origins of foam cells. 
Despite the conjectural nature of some of the sug- 
gestions the observations are clear-cut. Human 
atherosclerosis may be (and in some forms un- 
doubtedly is) different from the experimental con- 
dition described, in which the principal process is 
transfer of fat from the lumen to the blood vessel 
wall (especially the elastic tissue), but this type of 
study does provide basic information of undoubted 
significance for the elucidation of lipid interchange 
and deposition in vessel walls. 

Electron microscopy is still in the earliest stages 
of development. Its present rate of growth suggests 
an embryonic rather than even an infantile phase 
of evolution, but its potential importance cannot 
be overemphasized. The purpose of this note is to 
draw attention to this newcomer to the family of 
technical auxiliaries in the study of the structure of 
coronary vessels and of coronary disease. 


E. S. J. King, M.D., M.S., D.Sc. 
Melbourne, Australia 
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Letter to the Editor 


Digital computer analysis of the electrocardiogram 


Institute of Physical Medicine 
and Rehabilitation 

400 East 34th Street 

New York 16, N.Y. 
September 12, 1960 


To the Editor: 


This communication is to announce the avail- 
ability of a general purpose computer program for a 
machine abstraction for electrocardiographic wave 
amplitudes, durations, and areas from scalar leads. 
The program was written for an IBM 650 digital 
computer. Input voltage data must be in digital 
form taken at equal time intervals of 5 milliseconds 
or more. Up to three scalar leads can be processed 
simultaneously. 

Output data presents: (1) the equation for the 
reference “isoelectric line’; (2) the timing of each 
wave, beginning, ending, and maximal amplitude 


for all positive and negative waves about an arbi- 
trary magnitude to be set by the investigator; (3) 
the maximal wave amplitude, relative wave areas, 
and ST-segment displacement information and tim- 
ing. 

| more detailed 15-page operating manual will be 
provided upon request. 

This author received encouragement and support 
from the Heart Control Program and from the 
National Heart Institute, United States Public 
Health Service. 

Lee D. Cady, Jr., M.D., Dr. P.H. 


= 
= 
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ELECTRON MICROSCOPY OF THE CARDIOVASCULAR 
SystEM. AN ELEcTRON Microscopic Stupy WITH 
APPLICATIONS TO PHysIoLoGy. By Bruno Kisch, 
M.D., Professor and Medical Director, Yeshiva 
University; Director, Electron Microscopic Research 
Institute, Elmhurst City Hospital at New York; 
Professor Emeritus, University of Cologne, Cologne, 
Germany. Translated from the original German 
text by Arnold I. Kisch, M.D., New Haven, Conn. 
Springfield, Ill., 1960, Charles C Thomas, 180 pages. 
Price $7.50. 


The title of this book is somewhat misleading, be- 
cause from it one expects a description, at the 
electron microscopic level, of the entire cardio- 
vascular system. Actually, no part of the cardio- 
vascular system, except the heart, is even touched 
upon. 

A large part of the book is devoted to the ultra- 
structure of muscle, both skeletal and cardiac. 
An attempt is made to review some of the earlier 


ELECTROPHYSIOLOGY OF THE HEART. By Brian F. 
Hoffman, M.D., Associate Professor of Physiology, 
College of Medicine, State University of New York, 
Downstate Medical Center, Brooklyn, N.Y.; and 
Paul F. Cranefield, Ph.D., Associate Professor of 
Physiology, College of Medicine, State University 
of New York, Downstate Medical Center, Brooklyn, 
N. Y. New York, 1960 McGraw-Hill Book Com- 
pany, Inc., 323 pages. Price $12.50. 


This book is a summary of available information 
about the transmembrane potentials of single 
cardiac fibers as registered by microelectrode 
techniques, much of it previously unpublished. 
After introducing the methods and the Hodgkin 
ionic theory of the action potential, the authors 
have systematically described the characteristics 
of the action potentials found in the major types 
of cardiac fibers (atrial, ventricular, sinoatrial 


EDEMA. MECHANISMS AND MANAGEMENT. Edited 
by John H. Moyer, M.D., Professor and Chairman, 
Department of Medicine, Hahnemann Medical 
College and Hospital; and Morton Fuchs, M.D., 
Assistant Professor of Medicine, Hahnemann Med- 
ical College and Hospital, Philadelphia, Pa. Phila- 
dephia, 1960, W. B. Saunders Company, 833 pages. 
Price $15.00. 


Many individuals contributed papers on various 
aspects of the problems relative to edema which 
formed the program of the Symposium on Edema, 
Mechanisms and Management. The papers are 
included in this monograph. Some of the discus- 
sions are interesting and thought-provoking, 
whereas others are dull or simply restate concepts 
of many years’ duration, without indicating the 
discrepancies between theory and fact. For ex- 
ample, on pages 4 and 5 the statement is made 
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work on muscle, but the author gives insufficient 
recognition to the real pioneers in the electron 
microscopic study of muscle. In his discussion 
of muscle fiber, the author dwells at length on 
myofibrils, sarcosomes (mitochondria), striations, 
and nuclei; however, he barely touches on the 
endoplasmic reticulum, which is an important 
component of muscle as well as of other types 
of cells, and which has been studied extensively 
with the electron microscope. 

This book is actually a review of the author’s 
own work of the last ten years, to which he adds 
his own (sometimes questionable) interpretations 
of the work of others. Nomenclature is inconsis- 
tent and the wording is poor, so that it is often 
difficult to understand the author’s meaning. 

Apparently, the many electron photomicro- 
graphs used in the book were all from the author’s 
laboratory. The quality of the micrographs ranges 
from good to poor. 


nodal, atrioventricular nodal, and Purkinje) and 
the effects of physiologic variables upon each. 

The text is lucid and the presentation logical 
and straightforward. A wide audience has been 
kept in mind by the sound early introduction of 
preparatory definitions. However, one exceptional 
obstacle to clarity for the general reader in the 
field of cardiology was noted: the term regenera- 
tive depolarization was frequently encountered 
and never adequately defined. Careful comparison 
of contexts allowed the inference that both local 
and propagated responses were included, and 
that regenerative was used in the sense of auto- 
accelerative, but the electronic basis for such 
usage was not made clear. 

The reviewer strongly recommends this book 
to the serious student of the electrical behavior 
of cardiac muscle, whether he be biophysicist, 
physiologist, or physician. 


that the transcapillary hydrostatic pressure which 
tends to promote a loss of water from the tissue 
is equal to the oncotic pressure which tends to 
return the fluid. The author then states that those 
who came to the Symposium on a bus had their 
legs down for a long time. After introducing this 
concept, he fails to indicate why all of them did 
not have their legs greatly distended with edema 
fluid, knowing how rapidly fluid and electrolytes 
traverse the capillary walls. Nor does he point 
out why it is, if transcapillary hydrostatic and 
oncotic forces are equal, and transcapillary fluid 
exchange is simply regulated by such forces, 
that all people are without gross evidence of 
edema of the legs all day, why tall people do 
not normally have much more edema of the 
ankles and feet than short ones, or why patients 
have high venous pressure without clinical evi- 
dence of edema. If a symposium is to settle 
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questions, the fundamental problems should be 
constantly before the participants and clearly 
defined. Conventionally accepted concepts and 
theories which fail to explain established observa- 
tions should be presented with apologies and 
warning, or be presented to show their inad- 
equacies. Old errors and discrepancies should 
not be repeated constantly without regard for 
the need to elucidate them. 

The chapter on the lymphatic system and 
its influence on extracellular fluid balance is 
no more mature or thought-provoking than a 
brief comment made to freshman medical students 
or to premedical students in a class of zoology. 
The mature members of the audience must have 
been extremely bored, in view of the many im- 
portant questions that could have been asked 
and answers that could have been discussed. 
Furthermore, little effort was made throughout 
the monograph to indicate what the original 
observations were and who made them. This 
Symposium also reflects another trend in Amer- 
ican medicine to abandon well-tested therapeutic 
procedures for new ones which have not been 
adequately evaluated. For example, the papers 
on the treatment of the edema of congestive 
heart failure de-emphasize the use of mercurial 
diuretics which are still excellent and are usually 
more effective than the new ones, such as the 
chlorothiazide type of preparations which have 
important subtle harmful effects which are some- 
times fatal. This approach is due in part to the 
fact that some who wrote on the management 
of the disease states are not experienced clinicians 
and cardiologists who have daily responsibilities 
to patients, but are primarily laboratory investi- 
gators. 

Some papers are brief and the statements made 
are not documented with research data. This is 
particularly true of the article on forward and 
backward failure on page 704, which is more 
a philosophical approach than a discussion of 
research. The monograph consists of too many 
short notes on too many subjects; few important 
problems were thoroughly or profoundly dis- 
cussed. 


GRUNDRISS UND ATLAS DER ELEKTROKARDIOGRAPHIE. 
By Rudolf Zuckermann, Dr. med. habil.; Facharzt 
fiir Kardiologie; Oberarzt an der Kinderklinik der 
Martin-Luther-Universitat Halle-Wittenberg und 
Leiter der kardiologischen Abteilung; Professor mit 
Lehrauftrag fiir Kardiologie. Third edition, Leipzig, 
1960, Georg Thieme, 620 illustrations, 660 pages. 
Price: geb. DM 72,15. 


This book was first published in 1955, under the 
title Atlas der Elektrokardiographie. Since then 
it has been expanded as the Grundriss und Atlas 
der Elektrokardiographie, and now covers about 
650 pages. As mentioned in the foreword of the 
first edition, it is based on the personal expe- 
rience gained by the author at the Institute of 
Cardiology in Mexico. 

Electrocardiographic theory is summarized and 
takes up only 18 pages. This is followed by a 
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A number of the discussions were highly opin- 
ionated. At times the moderator had to ask ques- 
tions to keep the discussions in progress. A num- 
ber of the participants who were discussing 
complex problems in the formation of edema had 
not performed research for many years and had 
not been actively engaged in the study of the 
fundamental aspects of the formation of edema. 
This was reflected by the superficial nature of 
the presentations, questions, and discussions. 

The sections on the kidney were better pre- 
sented, but they really added little that is new 
and failed to provoke any profound discussion. 

Medical students who might profit most from 
this book will find it impossible to orient the 
research and investigators in time and contribu- 
tion. In many instances, experiments performed 
years before were merely repeated by modern 
methods and apparatus with far less imagination 
and thought. 

The purpose of the Symposium may have been 
achieved. It would seem, however, that most 
symposia today devote most of their time to 
rehashing ideas already well known to the par- 
ticipants instead of embarking immediately on 
a few provocative presentations with much dis- 
cussion to consider thoroughly only a few prob- 
lems rather than the entire field. Anyone invited 
to attend such a symposium should be expected 
to know the usual concepts or he would not 
qualify for invitation. Perhaps we need fewer 
but more mature symposia. This book makes 
available to researchers of the world the discus- 
sions presented at a representative type of mid- 
twentieth century symposium on a special subject 
in clinical medicine. 

If the reader wishes a conventional summary 
of ‘‘tidbits’’ on edema, he will find the book use- 
ful. A medical student or anyone beginning a 
study of the formation and management of edema 
will find this book to be a start in his reading. 
If he is engaged in research in the field, he will 
find it necessary to read a great deal before he 
discovers an interesting or new point. 


rather large section which covers the different 
lead systems. A section on vectorcardiography 
describes the principle, the main lead systems, 
and some schematic vectorcardiograms of normal 
subjects, of patients with right and left hyper- 
trophy, as well as of patients with right and left 
bundle branch block. Then the normal ECG, 
its variations, and its measurements are described. 
Also, the pathologic ECG is summarized, with 
several instructive schemata. The atlas contains 
several examples of electrocardiograms which 
are analyzed specifically and discussed exten- 
sively, including the different forms of arrhyth- 
mias. Finally, a summary of the electrocardio- 
grams of different animals is mentioned. 

This book cannot be judged as a textbook, 
since the theoretical part presupposes the readers’ 
knowledge of the main principles, which are not 
extensively discussed. But the cardiologist will 


Volume 61 
Number 1 


find many interesting facts. The author’s tend- 
ency to use a special terminology makes the 
understanding rather difficult for non-German 
readers. He mentions, for instance, a normal-P, 


ELECTROCARDIOGRAPHIC TECHNIQUES. A MANUAL 
FOR PHYSICIANS, NURSES, AND TECHNICIANS. By 
Kurt Schnitzer. Second edition, New York, 1960, 
Grune & Stratton, Inc., 109 pages. Price $4.75. 


The value of any book is determined by its useful- 
ness to its readers. It is impossible to know the 
appeal of a book on this subject. The intended 
readers are quite heterogeneous, for physicians, 
nurses, and technicians differ widely in knowledge, 
clinical responsibility, and experience. However, 
the book must have proved useful, since it is 
now in a second edition. 

The manual includes a brief discussion of 
cardiac terminology, the electrocardiogram, the 
electrocardiograph, the technique of recording 
and mounting tracings, and other obvious con- 
siderations of a subject of this nature. 

Certain points are worth noting. For example, 
no mention of the qualifications and interest of 
the author is given on the title page. Readers 
would like to know whether he is on the faculty 
of a medical school or the staff of a hospital, and 
his title or rank. The author fails to distinguish 
between his own ideas and the procedures of 
general practice and recommendations of pro- 


THe CLInicAL UsE oF ALDOSTERONE ANTAGONISTS. 
Compiled and edited by Frederic C. Bartter, M.D., 
Chief, Section of Clinical Endocrinology, National 
Heart Institute, National Institutes of Health, 
Bethesda, Md. Springfield, Ill., 1960 Charles C 
Thomas, 211 pages. Price $5.00. 


This book records the proceedings of a conference 
sponsored by G. D. Searle & Co., in Chicago, 
Ill., Oct. 16, 1958, in which 23 investigators 
summarize a limited experience with the 17- 
spirolactone steroids. These drugs, of which 
spironolactone (Aldactone, Searle) is the most 
potent, have been shown to antagonize the action 
of aldosterone on electrolyte excretion, and, as 
such, they represent an interesting new class of 
diuretic agents aimed at reversing the contri- 
bution of hyperaldosteronism in sodium-retaining 
disorders. Their greatest effectiveness as natriu- 
retic agents is in cirrhosis with ascites and the 


ATRIAL SeptaAL Derect. By H. Gosta Davidsen. 
Copenhagen, 1960, Ejnar Munksgaard, 225 pages. 
Price: D. kroner 50. 


The study of congenital heart disease has progressed 
so much in the last decade that few will be sur- 
prised to find a sizable monograph devoted 
solely to the subject of atrial septal defect. In 
this work the pertinent literature up to 1959 
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P-mitrale, P-pulmonale, P-congenitale, bilateral 
enlargement of the atrium, P-infantile, tension-P, 
hypertonic ST-depression, and a so-called block- 
ing QRS-complex in Lead Vi. 


cedure by responsible cardiologists and institu- 
tions: e.g., the code used for marking each lead. 
He fails to emphasize the need for care of the 
instruments, the electrodes, the heart station, 
the records, and other facilities which insure work 
of the highest quality. The quality of electro- 
cardiographic recordings depends upon good 
guidance, experience, and the high demands of 
the doctor and institution. Most of the references 
in the bibliography are too technical, specialized, 
or controversial for nurses, technicians, and 
general physicians. More useful references have 
been omitted. 

Vectorcardiography is not adequately pre- 
sented. The technique depends so much on the 
apparatus, reference frame employed, and ob- 
jectives of the investigator that the subject should 
have been omitted until vectorcardiography is 
standardized for general clinical use. 

This manual can be of some value, but it can- 
not replace careful training in the heart station, 
clinic, laboratory, and at the bedside. Nor can 
it replace the constant demands for high quality 
by a doctor who knows high-quality electro- 
cardiography. 


nephrotic syndrome, conditions in which hyper- 
aldosteronism has been shown to play an im- 
portant role in the development and maintenance 
of edema. The results in congestive heart failure 
are more tenuous, although worthy of further 
study, particularly since these drugs are most 
effective as potentiators of the action of other 
diuretics, including the thiazides and mercurials. 
Extensive clinical trials have been impeded by 
the scarcity of the compounds and the relatively 
high cost of the drugs. A clinically useful property 
of these drugs is that, in contrast with other 
diuretic agents, undesirable loss of potassium 
does not accompany the natriuresis, and actual 
retention of potassium may be observed. 

The book is recommended for practitioners 
who treat patients with refractory edema of 
various etiologies, and for those students and 
physicians interested in current research in so- 
dium and water metabolism. 


has been carefully reviewed and integrated with 
an account of 132 cases studied personally by 
the author. The subject is covered exhaustively, 
including a careful account of the embryologic 
development of the atrial septum, and a tabular 
summary of 190 autopsied cases gathered from 
the literature. The cases of the author were 
studied in Rigshospitalet, the University Hos- 
pital of Copenhagen. Twenty per cent of the 
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patients were found to have “tight mitral ste- 
nosis."’ This group included patients in whom 
the mitral orifice was too small to admit two 
fingers, and those with retraction of the valve 
or thickening and shortening of the “subvalvar 
apparatus.’’ Such lesions were not associated 
with a clinical history of rheumatic fever, and 
were much more frequent in patients over 30 
years of age. The atrial septal defects were 
usually in the central portion of the auricular 
septum. Secondary development of the septal 
defect could not be substantiated. Differences 
in mean atrial pressure are believed by the author 
to play a central role in determining the degree 


CARDIAC EMERGENCIES AND RELATED DISORDERS. 
THEIR MECHANISM, RECOGNITION AND MANAGEMENT. 
By Harold D. Levine, M.D., Senior Associate in 
Medicine, Peter Bent Brigham Hospital, Boston, 
Mass., and Assistant Clinical Professor of Medicine, 
Harvard Medical School. Clinton, Mass., 1960, The 
Colonial Press, Inc., 381 pages, 44 illustrations. 
Price $12. 


This monograph is devoted to the recognition 
and treatment of acute cardiac emergencies. It 
includes chapters on acute left ventricular failure, 
cardiogenic shock, cardiogenic chest pain, episodes 
of tachycardia and arrhythmia, as well as Adams- 
Stokes disease, syncope, cardiac arrest and re- 
suscitation. The primary emphasis is on the 
clinical approach to recognition of these problems 
and on practical measures of treatment. The 
author evidently has drawn extensively both 
upon his own clinical experience and that of his 
associates. 

A bibliography is included which, while not 
encyclopedic, will be helpful to the reader. Nu- 
merous helpful points, both clinical and elec- 
trocardiographic, are made in the diagnosis of 
cardiac arrhythmias and tachycardias. 

In some instances, the author has apparently 
taken some liberties in expressing his opinion 
about matters which may be controversial. Thus, 
in regard to the use of vasopressor substances in 
cardiogenic shock is his statement that ‘‘Withal 
it must be conceded that there is no overwhelm- 
ing statistical evidence for the value of these 
drugs. Only an occasional patient is salvaged.” 
Such a statement cannot be considered repre- 
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and direction of shunting, but confirmatory 
evidence is lacking—possibly because of tech- 
nical difficulties in measuring atrial pressure 
gradients. 

The English style is clear and readable. The 
printing and format are excellent, but the use 
of a flimsy paper cover is regrettable. This mono- 
graph provides a thorough and critical review 
of current knowledge of the anatomy, altered 
physiology, and clinical manifestations of a 
common cardiovascular defect. It should be in 
the permanent library of every serious student 
of congenital heart disease. 


sentative of an extensive sampling of the results 
reported in the recent literature. Likewise, in 
the section concerning acute myocardial infarc- 
tion, he states, ‘“The common practice of routine 
hourly or two-hourly blood pressure determina- 
tions around the clock is superfluous and deprives 
the patient of badly needed rest.” This is de- 
batable, in the opinion of the reviewer. If any- 
thing, more careful monitoring of blood pressure 
levels and arrhythmias, even by electronic and 
mechanical means, is needed in order to detect 
the early appearance of these complications in 
this disease. Such careful observation, with early 
recognition of these aberrations, may indeed be 
lifesaving. 

There are also many experienced clinicians 
who will probably take issue with the view that, 
“Starting as early as the first or second day, as 
long as he is not in shock, the patient with acute 
myocardial infarction should be out of bed, seated 
in a well-padded chair for as many hours of the 
day as he will tolerate.’ This ‘‘armchair’’ treat- 
ment has been the basis for much stimulating 
discussion. Although some studies suggest that 
this treatment is beneficial, final evidence that 
it improves the morbidity and reduces the mor- 
tality is, as yet, however, wanting. The author 
would have done better to indicate that this 
latter therapy is still somewhat sub judice. 

The volume is well written, replete with good 
clinical experience, and will be valuable to stu- 
dents, house officers, and practitioners generally. 
It should be helpful to anyone who has to deal 
with acute cardiac emergencies, 
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Awards totaling $30,000 for medical work in 
arthritis and heart disease were announced today 
by |. A. Gairdner, Toronto industrialist and finan- 
cier and President of the Gairdner Foundation, 
Toronto, Canada. 

Four American and two British medical scientists 
share the awards, and each will receive a prize of 
$5,000. The winners are: 

Dr. John H. Gibbon, Jr., Professor of Surgery 
and Director of Surgical Research, Jefferson Medical 
College, Philadelphia, in recognition of Dr. Gibbon 
as the first man to develop and successfully use an 
artificial heart for the surgical correction of a heart 
defect in human beings. 

Dr. William F. Hamilton, Professor of Physiology, 
University of Georgia School of Medicine, for his 
work in the use of dyes injected into the blood 
stream to determine blood flow and distribution in 
the treatment of heart disease. 

Dr. Karl Meyer, Dean of Medicine, Columbia 
University, New York, for his contributions to the 
modern concepts of the chemical structure and 
functions of the so-called binding substances of 
connective tissues, main supporting structure of 
the body, and site of inflammatory processes in- 
volved in rheumatic and other diseases. 

Dr. Arnold R. Rich, Baxley Professor Emeritus 
of Pathology, Johns Hopkins University, Baltimore, 
for his major investigations into the allergic re- 
sponses to drugs used in the treatment of certain 
rheumatic and other diseases. 


Applications for Charter Membership in The 
American Society of Diagnostic Radiology are now 
being received. Membership is open to cardiclogists, 
chest physicians, gastroenterologists, rheumatolo- 
gists, orthopedists, pediatricians, otolaryngologists, 
internists, and general practitioners who do or may 


The following statement by Leroy E. Burney, 
Surgeon General, U.S. Public Health Service, on 
INFLUENZA IMMUNIZATION is reproduced from Public 
Health Reports, Public Health Service, U.S. Depart- 
ment of Health, Education, and Welfare, Vol. 75, 
No. 10, p. 944, October, 1960: 

Two outbreaks of influenza swept the United 
States in the fall of 1957 and the winter of 1958, 
resulting in 60,000 more deaths than would be ex- 
pected under normal conditions. There were, in 
addition, more than 26,000 excess deaths during the 
first 3 months of 1960 which also were considered 
to be the result of influenza. 

These departures from the usually predictable 
norms prompted the Surgeon General’s Advisory 
Committee on Influenza Research to analyze the 
cause and to seek measures to prevent such an oc- 
currence in the future. 

The committee found that a new antigenic vari- 
ant, the Asian strain, because of its widespread 
introduction and the general lack of resistance to it, 
was the direct cause of the excess number of deaths, 
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Dr. John McMichael, Professor of Medicine, 
University of London, as the first man in England 
to apply the technique of cardiac catheterization 
and through this investigation to make a major 
contribution leading to the fuller diagnostic ac- 
curacy required in heart surgery. 

Dr. Joshua H. Burn, retired Professor of Pharma- 
cology, Oxford University, for outstanding contri- 
butions to knowledge of the action of drugs in cardio- 
vascular disease. 

The Gairdner Foundation was incorporated in 
1957, and its funds are derived from personal gifts 
of Mr. Gairdner and his family. Mr. Gairdner was 
President of The Canadian Arthritis and Rheuma- 
tism Society from 1949 to 1952, and Chairman of 
its National Board of Directors from 1952 to 1958. 

Mr. Gairdner said that the awards are prizes for 
achievements and not grants for the support of 
future research. Awards are intended to encourage 
and reward individuals who have made major con- 
tributions to the conquest of disease and human 
suffering, to help focus attention on the problems 
of arthritis and heart disease, and to facilitate com- 
munication of ideas among scientific workers in these 
fields. 

Last year’s award winners were: Dr. Alfred 
Blalock and Dr. Helen Taussig, of Baltimore; Dr. 
Harry Rose and Dr. Charles Ragan, of New York; 
Professor W. D. M. Paton and Professor Eleanor 
Zaimis, of Oxford and London, England, respec- 
tively, and Dr. W. G. Bigelow, of Toronto. 


desire to do some types of diagnostic radiology in their 
offices. 

For further information write to Louis Shattuck 
Baer, M.D., Secretary, The American Society of 
Diagnostic Radiology, 411 Primrose Road, Bur- 
lingame, Calif. 


not only in the total population but most markedly 
among the chronically ill, the aged, and pregnant 
women. As a result of these findings, the Public 
Health Service is urging a continuing program to 
protect these high-risk groups in order to prevent 
a recurrence of this excess mortality. 

The high-risk groups who contribute most to the 
excess deaths and who the Public Health Service 
believes should be routinely immunized each year 
are: 

1. Persons of all ages who suffer from chronic 
debilitating disease, in particular: (a) rheumatic 
heart disease, especially mitral stenosis; (6) other 
cardiovascular diseases, such as arteriosclerotic 
heart disease or hypertension—especially patients 
with evidence of frank or incipient insufficiency; 
(c) chronic bronchopulmonary disease, for example, 
chronic asthma, chronic bronchitis, bronchiectasis, 
pulmonary fibrosis, pulmonary emphysema, or pul- 
monary tuberculosis; (d) diabetes mellitus; (e) Ad- 
dison’s disease. 

2. Pregnant women. 
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3. All persons 65 years or older. 

The adult dosage recommended by the advisory 
committee for initial immunization is 1.0 cc. (500 
cca units) of polyvalent vaccine, administered sub- 
cutaneously on two occasions separated by two or 
more months. Preferably, the first dose would be 
given no later than September 1 and the second no 
later than November 1. Persons previously im- 
munized with polyvalent vaccine should be rein- 
oculated with a single booster dose of 1.0 cc. sub- 
cutaneously each fall, prior to November 1. The only 
contraindication to vaccination would be a history 
of food allergy to eggs or chicken or a prior history 
of allergic reaction to an egg-produced vaccine, 
such as the commercial influenza product. 

The time to start such a program is before the 
onset of the influenza season this fall. In the past, 
influenza vaccination has been sparse and sporadic, 
and primarily in response to an epidemic or the 
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threat of an epidemic. The unpredictability of recur 
rence of influenza and its continued endemic occur 
rence are well known. Therefore, the Public Health 
Service strongly recommends that immunization of 
these high-risk groups be started now and continued 
annually, regardless of the predicted incidence of 
influenza for specific years. 

The members of the Surgeon General’s Advisory 
Committee on Influenza Research are: Colin M. 
MacLeod, M.D., chairman, University of Pennsyl- 
vania, Fred M. Davenport, M.D., University of 
Michigan, Morris Schaeffer, M.D., bureau of labora- 
tories of the City of New York Health Department, 
George Burch, M.D., Tulane University, Dorland J. 
Davis, M.D., National Institute of Allergy and In- 
fectious Diseases, Public Health Service, Thomas F. 
Sellers, M.D., Georgia State Department of Health, 
and Glenn S. Usher, M.D., Communicable Disease 
Center, Public Health Service. 


Erratum 


In the article entitled, ‘‘The Vectorcardiographic QRSsE-Loop Findings in 
Chronic Cor Pulmonale,”’ by Thomas J. Walsh, M.D., Gonzalo T. Roman, Jr., 
M.D., and Edward Massie, M.D., which appeared in the October, 1960, issue of 
the Journal, the last sentence of the paragraph above Fig. 4 on page 603 should read: 
‘It is of some interest that in only 2 of the 10 cases in the group with R/ Sy: > 1 was 
the amplitude of the R wave itself in this lead greater than 5 mm.” 
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